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Read before you start:

There are four questions.

The examination is closed-book.

Please explain all your answers.

The duration of the examination is 100 minutes.
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Letg:R—>R be a continuously differentiable function that satisfies:

e g(0)=0and g(y) #0fory #0,

. [Z_ZL:O#O.

Consider the third order system

Y +g(y)=0.

(5) (a) Using a suitable choice of state, obtain the state space representation = f(z).

(5) (b) Find the equilibrium point(s) of the system & = f(x).

(19) (c) Investigate the (local) stability properties of the origin z = 0.
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Consider the following single-input single-output LTI system. It is known that, when u = 0, for
each initial condition z(0) the resulting output y(t) is bounded.

-5 3
Tz = [ T+ Bu
-6 4
LA
Yy = [Cl -—1].’17.
S

(6) (a) Is this system stable in the sense of Lyapunov?

(49) (b) Find, if possible, a nonzero B € R?*! such that the system is not BIBO stable.

(19) (c) Find .

{4) (d) Find, if possible, a nonzero B € R2*1 such that the impulse response is zero.
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Consider the following single-input single-output LTI system. It is known that, when u = 0, for
each initial condition z(0) the resulting output y(t) is bounded.

. -5 3
T =
-6 4

z 4+ Bu

A

y = [a —1]z.

(a) Is this system stable in the sense of Lyapunov?

(b) Find, if possible, a nonzero B € R?%! such that the system is not BIBO stable.

(¢) Find ;.

(d) Find, if possible, a nonzero B € R?*! such that the impulse response is zero.
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Let {v1, ve, v3} be an orthonormal basis for RS, i.e., v{vg = 0 for £ # £ and v{vk = 1.

T

Furthermore, suppose the vectors v1, ve, v3 have no zero entries. Define A := vjvy — vzv{.

(v) (a) Find null (A) and range (A).

(4) (b) Find the characteristic polynomial of A. Hint: A3 = ?

(3) (c) Find the eigenvalues of A.
(4) (d) Find the eigenvectors of A.
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(2) (e) Write the Jordan form of A.
(1) (f) Find ao(t), a1(t), ag(t) such that e4t = ag(t)I + a1(t)A + az(t)A%.
(w) (g) Determine the stability of the system & = Az.

() (h) Determine the stability of the system 27 = Az.
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Given

determine (without direct computation) whether a symmetric positive definite solution P € R?*?
exists or not for each of the following matrix equations.

() (a) ATP+PA=-I
($) (b) ATP+PA=1I
() (c) ATPA—P=-1I.
(s) (d) ATPA-P=1

ls1-Al = (-8 -8 = (s=u) (s42)
=‘—? ;“E":;LQ 3 /\l '—1"2,
Yebme

~ [l

A= A = Nn=-4 , M =1

- Y }

hie A N L =g

5) Twe gytkem s =Ax 4 onskeble  betoule

e} ¥yO . Henw e Lyopordd e, has

NO soluTion }

L) APRA=1 & ATo 4 PA = -1

&
The §gsem x= Ax IS unsioble  bersose

ﬂe'txi\j Yo . Heaw ‘e de)pw\a\i eqn. hoy

NO SoLyTion. [

ot = A s unttable

C) The st

beose Nl Y| . Heaw dne Lyopuna exa.
hot MO &otmpm_i
- -
4) NpA-P=1 & KTPAPA-PYA = A 1A
i

A

xte Ax o is exp. srOblE

The aas%ewx

e (aoi 4)3;. K] #.DF MoroyNes

S:'\IZ'
e wateix @ is gymmedde  pos. dep

I e

Bt +he  SLYTION Ex187TS

Lyoponoy egn.




