
Potential Exam Questions in Control Theory II — Fall 2001

Exam I: October 26, 2001, at 2:30 in Control Laboratory, ELE 202

1. Define bounded-inputbounded-outputstability of linear time invariant continuous systems,statethe corre-
spondingtheorem(Theorem5.1) andgive its proof. (C99, p. 121–122;ClassNotesp. 1–2).

2. Find the steadystateresponseof a bounded-inputbounded-outputlinear time invariantcontinuous systemdue
to (a) constantinput, (b) sinusoidalinput (C99, p. 123–124;ClassNotesp. 2–3).

3. Stateandjustify bounded-inputoutput-stabilityof time invariant linearcontinuous systemsin termsof system
poles (C99, p. 124; ClassNotes,p. 3–4)—Theorem5.3.

4. Definebounded-inputbounded-outputstability of linear time invariantdiscrete systems,statethecorresponding
theorem(Theorem5.D1) andgive its proof. (C99, p. 126–127;ClassNotesp. 5–6).

5. Find the steadystateresponseof a bounded-inputbounded-outputlinear time invariantdiscrete systemdueto
(a) constantinput, (b) sinusoidalinput (C99, p. 127–128;ClassNotesp. 6–7).

6. Stateandjustify bounded-inputoutput-stabilityof time invariant linearcontinuous systemsin termsof system
poles(C99, p. 128; ClassNotes,p. 7–8)—Theorem5.D3.

7. Stateinternal stability theoremfor time invariant linear continuous systemsand demonstrateby an example
stability of multiple eigenvalueson the imaginaryaxis (C99, 130–131;ClassNotesp. 9–11).

8. Stateinternalstability theoremfor time invariant linear discrete systems(C99,131; ClassNotes,p. 12).

9. Definesystemstability in senseof LyapunovandstatethegeneralLyapunovstability theorem(alsoknown as
direct or secondmethodof Lyapunov),(ClassNotes,p. 13–15).

10. Statethe Lyapunovstability theoremfor linear time invariant linear continuous systemsand show that the
theoremis the direct consequenceof the secondmethodof Lyapunov(C99 p. 132; ClassNotesp. 15–16).

11. Stateand ProveTheorem5.6 (the form of a uniquesolution of the algebraicLyapunovequation),(C99, p.
134; ClassNotes, p. 17)

12. Statethe secondLyapunovtheoremfor generaldiscretetime invariantsystemsandspecializethe theoremto
linear discretetime invariant systems(ClassNotes,p. 18–19).

13. Define internalstability of time varying linear continuous-timesystemsandpresentan examplethat indicates
that the statement:
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implies asymptoticstability is false (C99, p. 137–139;Class

Notes, p. 20–21).

14. Stateand justify the Lyapunovtest for time varying continuouslinear systems(Example3.21 from Khalil’s
textbook(ClassNotesp. 9) or Theorem7.2, p. 116, from Rugh’s textbook).

15. Stateandjustify the Lyapunovtestfor time varying discretelinear systems(Rugh’s textbook,p. 438–439).

16. Statefour controllability theorems(C99, p. 145; ClassNotes,p. 2).

17. Provethetheoremthatstatesthatthelineartime invariantsystemis controllableif andonly if its controllability
Grammianis nonsingular(C99, p. 145–146;ClassNotes,p. 3–4).

18. Provethe equivalencebetweenthe full controllability matrix rank testandnonsingularityof the corresponding
Grammian(C99, p. 145–146;ClassNotes,p. 5–6).

19. Derive the Popov-Belevitchtest from the controllability matrix rank condition (C99, p. 147; ClassNotes,
p. 6–7).

20. Proof the equivalencebetweenthe Popov-Belevitchrank testandthe Popov-Belevitcheigenvectortest(Class
Notes p. 7–8).

21. Showthat systemcontrollability is invariantundersimilarity transformation(C99,p. 152; ClassNotes,p. 8).

22. Definesystemstabilizabilityandstatemainstabilizabilitytheoremsfor linearcontinuoustime invariantsystems
(ClassNotes, p. 9).

23. Definesystemobservabilityandstatemain observabilitytheorems,(C99,p. 153,156; ClassNotesp. 10, 12).
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