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Given the following LTI dynamical system:

ẋ(t) = Ax(t) + Bu(t), xinitial = xt0 (1)
y(t) = Cx(t) (2)

where

A =

1 −1 0
1 −1 0
0 0 0

 , B =

1 0
0 0
0 1

 ,

C =

[
0 1 0
0 0 1

]
, x(t0) = x(1) = [0 1 1]>.

Recall that the closed-form to the above differential equation for any time-varying control input is
given by:

x(t) = eA(t−t0)xt0 +
∫ t

t0

eA(t−τ)Bu(τ) dτ.

1. Is A nilpotent of order 2? (i.e., is A2 = 0?)

2. Determine eAt, eA(t−τ), eA(t−t0), t0 = 1. Recall that

eAt =
∞

∑
i=0

(At)i

i!
= In + At +

(At)2

2!
+

(At)3

3!
+

(At)4

4!
+ · · ·
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3. If u(t) = 0, determine x(t) (or the zero-input state state-response) given the provided initial
conditions.

4. If x(t0) = x(1) = 0 and u(t) =
[

1
1

]
1+(t), determine x(t) (or the zero-state, state-response).
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5. Determine y(t) if u(t) =
[

1
1

]
1+(t) and x(t0) = x(1) = [0 1 1]>.
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