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Read before you start:

• There are four questions.

• The examination is closed-book.

• No calculator is allowed.

• The duration of the examination is 100 minutes.

• PLEASE EXPLAIN ALL YOUR ANSWERS.

Q1 Q2 Q3 Q4 Total



Q1.

Given two nonzero vectors B, CT ∈ Rn consider the system

ẋ = BCx+Bu

y = Cx .

(a) Obtain the state transition matrix. Characterize stability in terms of λ := CB.

(b) Is this system zero state equivalent to

{
ż = CBz + CBu

y = z

}
?



Q2.

For each of the below cases determine the stability of the system x+ = Ax.

(a) ATA− I < 0 .

(b) ATA− I = 0 .

(c) ATA− I > 0 .



Q3.

For A, B ∈ Rn×n consider the LTV system

ẋ = e−AtBeAtx .

(a) Obtain the state transition matrix Φ(t, τ). Hint: employ z(t) := eAtx(t).

(b) Find the solution x(t) given that Ax(0) = αx(0) and Bx(0) = βx(0) for some α, β ∈ R.



Q4.

For y ∈ Rn and Q = QT > 0 consider the system

ÿ +Q−1y = 0 .

(a) Obtain a state space representation

{
ẋ = Ax

y = Cx

}
.

(b) Find a block diagonal P = P T > 0 that satisfies ATP + PA = 0.

(c) Can A have a 2× 2 Jordan block?


