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1. Presentdiscrete-timelinear observers(CN, pages–2 to –1).

2. Stateand presentthe solution to the deterministiccontinuous-timelinear optimal regulatorproblem(GL96,
441–443and classnotes=CN,page0).

3. For a continuous-timelinear stochasticsystemdriven by a zero-meanstationaryGaussianstochasticwhite
noiseprocessderive the expressionfor the statemean. Definethe statevarianceandwrite the statevariance
equation(GL96, pages437–439).

4. Find themeanof statevariablesfor a discrete-timesystemdrivenby white noise.Derivethevarianceequation
of a discrete-timelinear systemdriven by white noise(GL96, pages439–440andclassnotes).

5. Formulatethe Kalman filtering problem, presentits solution and draw the correspondingblock diagram.
(GL96, pages444–447).

6. Explain the techniquefor linearizationof nonlinearsystemsaboutnominalpoints (GL96, pages22–28).

7. Describethe methodfor controlling nonlinearsystemsthrough linearizationabout set points and draw the
correspondingblock diagram(F96, pages98–101, distributed with Project#4).

8. Define systemequilibrium points (CN, pages1–2).

9. Explain nonlinearphenomenacalled: finite escapetime and existenceof harmonicsand subharmonics,and
comparethem to the correspondingphenomenaof linear systems(CN, pages2–3).

10. Presentall possibleshapesfor statetrajectoriesof second-orderlinear time invariantsystems(CN, pages4–7).

11. Define the limit cycle of nonlinearsystems(CN, page8).

12. Explain chaosasa phenomenoncharacterizingcertainbehaviorof nonlinearsystems(CN, pages9–10).

13. Statethe first methodof Lyapunovfor examiningstability of nonlinearsystemsby using the linearization
technique. Apply it to a simple pendulum(CN, pages12–13).

14. Define preciselystability in the senseof Lyapunov(CN, pages10–11).

15. Presentthesecondstability methodof Lyapunovbasedon theexistenceof Lyapunovfunctionsanddemonstrate
it on a simple pendulumequation(CN, pages13–15).

16. Apply the secondstability methodof Lyapunovto a linear time invariant continuous-timesystemandderive
the algebraicLyapunovequation(GL96, 179–181,andDefinition C.1 on page475).

17. Apply the secondstability methodof Lyapunovto a linear time invariantdiscrete-timesystemandderive the
algebraicLyapunovequation(GL96, 182–183,and Definition C.1 on page475).

18. Derive the least-squareformula for identification of coefficients of discrete-timetime-invariant n-th order
linear systems(GL96, pages450–452).

19. Explain the describingfunction methodfor studying periodicity (limit cycles) of linear systemswith static
nonlinearities(F96, pages57–62, distributed in class).

20. Definethecharacteristicequationfor linearsystemswith staticnonlinearitiesanddemonstrateon a very simple
examplehow to find the frequencyandmagnitudeof oscillations(CN, page16).

21. Using the Nyquist diagramexplainthe methodfor examiningstability of limit cycles(CN, pages17–18).

22. Explain the passivitypropertyof linear electricalnetworkscontaininga nonlinearresistorandexplainhow to
usethis propertyfor studyingstability of control systems(CN, pages19–21).

23. Presentthe extendedlinearizationtechniquefor control of nonlinearsystems(CN, pages22–23).

24. Presentthe feedbacklinearizationtechniquefor control of nonlinearsystems(CN, pages24–25).

25. Presentobserversfor nonlinearsystemsanddraw the correspondingblock diagram(CN, pages26–28).

26. Presentthe extended(nonlinear)Kalmanfilter anddraw the correspondingblock diagram(CN, pages30–31,
disctributed in class).



Variance Derivations in Question #4, see also (10.25)
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Subtractingthe secondequationfrom the first one we have
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Note thatdueto the fact that thewhite noiseprocessis uncorrelatedwith thestatevariablesthecrossproductterms

are zero, that is %<;F��������	2�3������	(	�� , ���#	 @ �HG<�H% & �!����	>��������	�� �+����	)	 , -

Sample Final Exam – 332: 416 Control System Design

Answer questions 1 and 11, and any eight out of the remaining nine questions.

1. Stateandpresentthe solution to the deterministiccontinuous-timelinear optimal regulatorproblem.

2. Explain the techniquefor linearizationof nonlinearsystemsaboutnominal points.

3. Explain nonlinearphenomenacalled: finite escapetime and existenceof harmonicsand subharmonics,and
comparethem to the correspondingphenomenaof linear systems.

4. Presentall possibleshapesfor statetrajectoriesof second-orderlinear time invariant systems.

5. Statethe first methodof Lyapunovfor examiningstability of nonlinearsystemsby using the linearization
technique. Apply it to a simple pendulum.

6. Presentthesecondstability methodof Lyapunovbasedon theexistenceof Lyapunovfunctionsanddemonstrate
it on a simple pendulumequation.

7. Apply the secondstability methodof Lyapunovto a linear time invariant continuous-timesystemandderive
the algebraicLyapunovequation.

8. Explain the describingfunction methodfor studying periodicity (limit cycles) of linear systemswith static
nonlinearities.

9. Explain the passivitypropertyof linear electricalnetworkscontaininga nonlinearresistorandexplainhow to
use this property for studyingstability of control systems.

10. Reduced-orderobserversfor nonlinearsystems.

11. Presentthe extended(nonlinear)Kalmanfilter anddraw the correspondingblock diagram.


