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1. (20%) Given a causal system with y(t) = g(t) *u(t), where the star denotes convolution.
Show that the Laplace transform of y(t) can be expressed as Y(s) = §(s)-U(s), where
§(s) is the transfer function of the system.

2. (30%) Consider the following linear time-invariant system.

X = Ax+Bu
y=Cx+Du

Give the discretized system for the case u[t]=u[kT];te[kT,(k+1)T),k=012,---,
where Uu[t] is thus a piecewise constant signal. That is, determine the
F,G, H,and | matrices in the following discrete-time system.

X[(k+DT] = F{KT]+Gu[kT]
y[kT]=HXKT]+ Iu[kT]



!

Iy
st
S+
Iy
iy pust

3. (20%) Consider the following system

x(0)=0
ut) ——» L > y(t)
s+1

What can you tell about the BIBO stability of the system if you only know that the input
signal u(t) is bounded by 10?

4. (30%) Consider the linear state equation

{ X(t) = A +BOu®) 5 x(t) =%
y(t) =CO)x(t) + D)u(t)

(a) Give the definition of “controllable on [ty,t;] ".

(b) Show that the linear state equation is controllable on [t,,t;] iff the nxn

controllability Gramian
t
W(t, t;) = .[ d(t,,t)B(t)B'(t)D'(t,, t)dt
fo

is invertible.
(c) Verify whether the following system is controllable or not.

X(t) = ﬁ; ao }x(t) J{El gﬂu(t) ; telty,t;] where a #a,



