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1. Write clearly.

2. Show all your ste1x.

3. No credit will be given to wrong steps.

4. Do not do messy work.

5. Calculators and mobile phones are NOT allowed in this exam.

6. T\rru off your mobile.



1. Show that if the state equation

, lAl Ar, 1 larl':Lo^ eo )'* Lo l"
is controllable then the patr (Ay2, A21) is controllable.



2. A continuous linear time invariatrt dyna,rnical system is described by

lz o o l l-rl I r't
z'p1:lo -r 0lz(t)+lr l"(tl, ,(t ): l -r l, t>to

lo o -z) LoJ L,l
y(r):[111]r(r)

(a) Show that the system is not controllable, and obtain the controllable (rlm61
decomposition.

(b) Is the system stabilizable? Justify your answer.

(c) Is the system detectable? Justify your answer

(d) What is the system response at tirae , ) to, when u(t) I 0?



3. Consider the continuous time state equation

Let u -- pr - ft2. Find the feedforward gain p and state feedback gain k so that the
resulting system has eigenvalues -2 and (-l + jf ) and wiil track aslmptotically
atry step reference input.

Ir r -zl l1'l
,'r,r: 

l_3 i I ],,,,. L?1",,,
a@:lz 0 0lr(t)



4. Design a full state estimator for the system described by

, lt -tl lol'=[t , ]'*lrl'y:lo z lx.
Select the followi-ug eigenvalues {0.5 + j0.5, 0.5 - 70.5} for the estimator.



5. Consider the conti-nuons time system

Io t] ulgl,rrrr'(')= 
Lo o l'ttt Lrl

y(t):[10]r(,).

UseLQRwithS: l: :.l, (p20) and.R = rtofiadtheoptijratstate
Lv 11 )

feedback gain K.
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