364 State-Space Analysis Chap. 5

Solution To prove uniform asymptotic stability in the large, we need to prove the
following:

1. The origin is uniformly stable.
2. Every solution is uniformly bounded.

3. Every solution converges to the origin when 1 — = uniformly in & and ||| = 8,
where & is fixed but arbitrarily large. That is, given two real numbers § > 0 and
i > 0, there is a real number T(u, 8) such that

lI%olt = &
implies
lo(t %o, t)ll = o,  forallt =t + T{u,8)
where G&{!; X, fo) is the solution to the given differential equation

Since 8 is continuous and B(0) = 0, we can take a 8(¢) > 0 such that {6) < a(¢) for
any € > 0, Figure 5-10 shows the curves e(ix[}, B(iix}}), and V{x,r). Noting that

V(%0 1) = Vixo, ) = | V(@(rixo. ), Vdr <0, 131y

if |0l = &, ro being arbitrary, we have
a(e) > B(8) = V{xo, o) = V(d(r:%0, 16} 1) = a(lld(r; %o, L))
for all ¢ = f,. Since « is nondecreasing and positive, this implies that
ol xo, o)l <€,  fort =g ||xoli < &

Hence, we have shown that for each real number ¢ > 0 there is a real number § > 0
such that [ixe)l = &implies |&b{t; xo, o)l = eforallr = 1, Thus, we have proved uniform
stability.

Next, we shall prove that |ih{s; xs, f0)|— 0 when r— o uniformly in # and
[ixol] = 8 Letustakeany 0 < g < |jxof and find a »(p) > Gsuch that B(v) < a{p). Let
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Fipure 5-10  Curves effix]), S(lx[), and V(x.N



