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Adaptive and variable structure systems - Assignment 4

Question 1*
Consider the switched linear system

x=A(t)x, A(t)e ACR"". (1)
Show that the solutions x(t; to, x1,0™) with x(ty) = x; and x(¢; o, x2,0*) with x(ty) = x; for the

switching function ¢* € S satisfy the superposition principle.

Question 2*

Proof the following statement:

Let A € R™" be Hurwith. Every quadratic Lyapunov function of X4 : ¥ = Ax is also a Lyapunov
functionof £, 1 : % = A lx.

Question 3*

Proof the following statement:

Let Aj, Ay € R"™" Hurwitz with common Lyapunovfunktion V(x). Then V(x) is also a Lyapunov
function of ¥ 5 : ¥ = Ax with A € co(A;, Az).

Question 4*

Proof the following statement:
Let A, Ay € R™" Hurwitz.

aA;+ (1 —a)Ayis Hurwitz foralla € [0,1] < Aj + yAzis Hurwitz for all y > 0.

Question 5

consider the linear system with G(s) = in negative feedback with the switching gain k(t)y(t),

where k(t) € {k1,ka2}.

1
s2+s+1

a) Let k; = 0. Calculate the supremum for (least upper bound) for k, such that there exists a
common quadratic Lyapunov function for the closed-loop system.

b) Let k; = 1. Calculate the supremum for (least upper bound) for ky, such that there exists a
common quadratic Lyapunov function for the closed-loop system.

c) Let k; = 0. Calculate the supremum for (least upper bound) for k, according to the Circle
Criterion.

* This question should be solved before the tutorial using the information from the lectures.
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Question 6

Fig. 1 shows the schematic diagram of a fluorescent lamp. Its electronically equivalent circuit is
shown in Fig. 2.

Derive a state-space model for all combinations of switch positions.
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Abb. 1: Schematic of a fluorescent lamp, [1]
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Abb. 2: Equivalent circuit for the electronic load, [1]
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