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L. INTRODUCTION
Consider the linear differential equation:
x = A(t)z (1)
where A(t) 1is an #»n X n continuous matrix function.

The object of this study is the stability of the trivial solu-
tion.

For the estimate of the solutions, W.A. Coopel gave the
formula:
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where
V 1is positive definite Hermetian and
* _ 7 .
r = x the conjugate transvosed of .
Example 1 Let be = 0
A e=
0 -2

In this case, of course, Zimlx(t)I:O which can be nrooved

t>c
with Coppel’s estimate too because u(4) = -1I1.
Example 2 Let be -1 0 , then
A=
4 -2
1im |x(t)| = 0 nevertheless u(4) > 0.

t>o

Coppel’s estimate is, generally, not good enough. This is the

problem I am going to treat.

2. ONE SOLUTION OF THE PROBLEM

I have found that transforming the variable « the

estimate can be improved.
Suppose the system (1) is asymototically stable.

Let be V(t) a continuously differentiable, positive definite,
Hermitian matrix function and V(t,x) a Lyapunov function

such that
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*
vty = & Vlt)z ,

a?|x]|? < v(t,x) < B2 |2|?,

Now we choose a continuously differentiable recular
matrix function such that

*
V=WV W

“1 (¢)| 1is bounded.

Note: | w
The transformation

y = W(t) x

carries (1) into a new system:

¥ = C(E) g

and applying Coppel’s formula for this case:
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where
u(c(e))<
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if in the definition of u we use the Euclidean norm.

(Inversely: from a prover transformation matrix ¥(¢#) we can

get a positive definite quadratic Lyapunov function v(t,x) = &7 W h
the derivative of which alonge the solution of (1) is negative

definite.)

3. FURTHER IMPROVEMENT OF THE METHOD

The transformation matrix can be restricted to a vart of
the unterval [to,w] and a countable set of transformation

matrices can be chosen in the following way:

to < t] < t2 < < t7 7
Iz = [ti—l’ G ) p
At . = tz = ti—] -

y = W, (t) &« 1if ¢t eI, ,

i

where W.(t) is continuously differentiakle, regular in f{.
'L ”

This kind of transformation has proved to be more efficient
tan applying only one continuously differentiable, regular

imatrix function W(¢) in the whole interval ([t ,«).
Example 3

Let be A(Ct) = ; L4,
=3 ~p (L)

p(t) =10 5§ pl(E) is continuous.
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For lower estimate Coprel’s formula is very good.

=u{-41(%)) = -ple).

If [ p(t)dt < » then 1Iim |z(t)]| > 0.

% £t
(0]

For upper estimate the formula is very rough:

u(d(e)) = 0

and so the only fact what can be stated is that

|2¢e3 | = |ez )] for &> £,

With proper transformations (see below) I could prove

the following

Theorem:

Let be 0 < 8. < 1 and 0 < . some constants such that

0 <p(#) <3 ~if teI, and &, <p(s) <z 1if tel
:

where 7
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i = 5
W]
then
AT >
10
implies
-£
|z (t.)| 7
2 < e 1
|x(ti_1)|
where
k.
i 7
Atio = Att 3 OE ATij > i
Jg=1
and
7 > ATiJ = Tijg - 2 0
Corollary

The asymptotical stability holds if

% <p() <t for 1 %2 £. £ .

o

For proving the theorem I applied the following matrices:

where
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With these:

"% 2 = g, and

L %

(R ACE) W) TR ] i £
niws z 7] *
N & BlE) < 1 or
§ Sl s 3;

1 o
(W ACEIW . ) =7 5

0 < p(t) < 6i°

Applying (2) (considering that in this case C(t) = W A(¢) Wi-l)

we have the proof of the theorem.
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For proving the corollary we need only to choose I.

the following way:

L +4
1-1

7z 1 ="

where 0 < ¢ < 1/4 1is arbitrary and e. = ¢ for every <.
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