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Tentamen Integrerend project systeemtheorie,
23 januari 2012

The exam consists of 5 problems. Points for correct answers can be found
below.

1. Consider the nonlinear system represented by the equations
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Here, u is an input.

a. Show that (z}(t), z5(¢), u*(t)) = (sint,cost, (cost)?) is a solution. MQPL
- b. Determine the linearization of the system around this solution. ( A ) \ Y (
el

e <

2. Determine all values of &k € R for which the polynomial &t Uy,

I Ces
p(s) =8> +3s2+3s+k (‘)QQ <A9
has all its roots in the open left half-plane.

3. Consider the system
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Here, § is a given real number _ \
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a. Is this system internally stable? Koo Nesds & S N Slabel

}\:0 X-LC o )\3'?0 2
b. Determine all values of 3 for which the system is controllable. VP Rehal oz { =

c. For those values of @ for which the system is not controllable, de-
termine the uncontrollable eigenvalues. }\___ o
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4. Suppose we have two linear systems

— Az Bu
y = Ca+ Du (1)

and
¢ = Az + Bu
y = Cx+ Du (2)

with the same number of inputs and the same number of outputs.
Assume the two systems are isomorphic, i.e., there exists an invertible

matrix S such that A = SAS™1, B=SB,C =CSlen D= D.
a. Let R be the controllability matrix of system 1, and R the one of }L
system 2. Show that R = SR. g

b. Let W be the observability matrix of system 1, and W that of 5 ppetien
system 2. Show thatt W = W.S1.

: _ b )
c. Prove the following: system 1 is controllable if and only if system 2 }'Zﬂ:\f;:&(( ng
_is controllable.———— < = ol €350
~d. Prove the following: system 1 is observable if and only if system 2 A kelzel{de coor R
is observable. L ‘ﬁ
e. Prove the following: if system 1 is observable then there exists ez-
) actly one invertible matrix S such that A = SAS™!, B = SB,
c=gst A

~ 2
A = Gas i)

5. Consider the system
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a. Determine the transfer function of Z. 67: gl ,{ 5
b. Determine the impulse response function K(¢) = Ce*B ' iee
; x ¥ G o, & - 2R =2t
Points: (10 points for free) [/LUQ\_, 2e ¢ te K(s)= (“_'"”“s R

Problem 1: 15
Problem 2: 15
Problem 3: 20
Problem 4: 25
Problem 5: 15
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