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1. Introduction

In this paper, we shall consider a periodic system with piecewise constant argument

Cre a =3
x0 =50 (5 "7) %), )
where [-] denotes the greatest integer function and %(¢) means the right-hand derivative

of x(t) for each integer ¢. In what follows, we assume the conditions:
(i) p(t) is continuous and w-periodic on (—o0, 00).
(i) p(t) =plw/2 —t) = —p(w/2+1t) for all ¢.
(ili) w = 4/k for some positive integer k.
(iv) a?+8%>0.
Several authors ([1-3]) discussed asymptotic stability for linear delay systems with
constant coefficients. For instance ([1]), the zero solution of

] cosf —sinf
x(t)=p (sin@ cos 6 ) x(t - )

is asymptotically stable if and only if
—(n/2 —10]) < pr < 0.

However, stability region for periodic delay system

0 =20 (§ 7)xe-n) @)

is yet unknown.
For the scalar case, we can find only one result by R. Miyazaki ([2]) which deals with
the periodic delay equation

£(t) = p(t)a(t — 1), (2)'

where p(t) satisfies the conditions (a) and (b). Roughly speaking, the zero solution of
(2) is uniformly asymptotically stable if 7 is a small positive number. We would like to



obtain the stability region for (2). However, this problem is beyond us at the present
time. ‘ '

Recently, using computer, we have made a simulation to find the behavior of solutions
for (2). For instance, in the case of p(t) = sin(nt) and 7 = 1/2, it seems that stability
region for (2) is the interior of lemniscate: (a2 + (3?)? = 2a?%(a? — 4?). with a = 1.7705.
So, we have the following conjecture.

Conjecture. The system (2) is uniformly asymptotically stable if and only if the
point (a, B) is contained in the interior of some lemniscate.

This conjecure is still open. But, for the system (1) which is similar to (2) in some
sense, we can show the following result corresponding the conjecture.

Theorem 1. Let ¢ = Jo p)dt, and assume that [ p(t)dt = 0 and k # 0 (mod 4).
Then the system (1) is uniformly asymptotically stable if and only if

0<(a®+ )< 225.(&2 - 7).

2. Main results

Let r = v/a? + B2. Then there exists only one 6 € (—x, 7] such that

a —B) __ [cosf —sind
8 « =T \sin0 cosf |

cosf) —sinf
R(6) = (sin9 cos )
and ¢(t) = rp(t). Then the system (1) is reduced to

x(t) = q(t) R(0)x([t]), (3)

So, we put
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where q(t) satisfies the same properties as p(t):
(a)' q(t) is continuous and w-periodic on (—00, 00).
(b)Y q(t) = qw/2—1t) = —q(w/2 +1) for all &.
The properties (a) through (c) ensure the foliowing lemma.
Lemma 1. Assume [y q(t)dt = 0. If k is odd, then
1 2 3 4
/qma=/q@ﬁ=_/qmﬁ=-/q@a
0 1 2 3
If k= 4m + 2 for some integer m > 0, then
1 2
t)dt = — t)dt.
/0 q(t) fl q(t)
Proof. Let k = 4m + 1 for some integer m. Since w = 4/k, we have
mw tw/4=1.
Hence periodicity of ¢(t) implies
1 mw mwtw/4 tw/4
f; atras= [ atae+ [ atwrde = [ e
and also
2 +w/2
dt = .
[Tawde= [ qyar
It follows from (b)’ that
tw/2 +w/4
A ﬂﬂﬁ:z/ q(t)dt.
0
This implies
‘ 2 1
t)dt =2 t)dt.
fo q(t) /0 q(t)
Therefore we arrive at _
/I@ﬁ—/zwﬁ
b q = /i q .
On the other hand, if £ = 4m + 2, then 2 = (2m + 1)w and so
2 2(m+1)w
| awar= [ awyae =,
which implies

AZ@&=-Aﬁma

We can also prove the other equalities. O
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Let x(t) be a solution of (3). It is convenient to denote ||x(n)|| by p, for each integer
n. There exists only one ¢ € [0, 27) such that

x(n) = ki) (7).

So, we put u;,(t) = R(—(0 + ¢))x(t) for every n. Then u,(t) satisfies

6(6) = ) (%) . un(n) = pn( cos 0 )

—sin@

for t € [n,n + 1). Hence it follows that

() = po (COS 0+ q(s)ds) (4)

—sin@

for t € [n,n + 1]. Now we give a result for the case k # 0 (mod 4).

Proposition 1. Let v = [j q(t)dt, and assume [ q(t)dt = 0 and k # 0 (mod4).
Then the system (3) is uniformly asymptotically stable if and only if

0 < |y < V2cos 26. (5)

Proof. First, we consider the case of k = 4m % 1. It follows from (4) that

n+1 n+1 2
pii=p2 {1 + 2cos@/ q(s)ds + (/ q(s)d,s> } )

Lemma 1 implies

n

/-n+1 ()d v if n= 0,1 (mod4)
q(s)ds =
—y if n=2,3 (mod4).

Hence we have

. P2(14+2ycosf+1?) if n=0,1 (mod4)
Prnt1 =

P2(1—2ycosf+4?) if n=2,3 (mod4),
and so
Pl =pPi(1+2ycosf+7%)%(1 — 2y cos§ + 4%)?
= p2(1 — 27% cos 20 +*)?

for each n. Thus the ratio p,4/pn is independent of x(t) and n. It is eésy to see that
Pnta/pn < 1if and only if

v#0 and 7% < 2cos24,
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which is equivalent to (5). Next consider the case of k = 4m + 2. Then we have

2o = pE(1+2ycosf + %) (1 — 2ycosd ++°)
= p2(1 — 272 cos 20 +4%).

This shows that pp42/pn < 1 if and only if (5) holds. Thus, if (5) holds, then p, tends
to 0 as n — oo, whenever k # 0 (mod4). Since '

sup |[x(t)[| = sup [lun(t)]] < max{pn,pns1},
ten,n+1] te[n,n+1] :

we can conclude that if (5) holds, then the system (3) is uniformly asymptotically
stable. It is easy to show that if the system (3) is uniformly asymptotically stable then
P, tends to 0 as n — oo and hence (5) holds. Thus the proof is now completed. O

The following theorem is an immediate consequence of Proposition 1. '

Theorem 1. Let ¢ = Jy p(t)dt, and assume that [§’ p(t)dt = 0 and k # 0 (mod 4).
Then the system (1) is uniformly asymptotically stable if and only if

0< (a®+ 442 < % (a? — B%).

3

~ Proof. Since ¢(t) = rp(t), it is trivial that (5) is equivalent to
0 < r’c® < 2cos 20
or
s _ 2 2
0<7r® < —r°cos2f.
c
Therefore we can arrive at the conclusion of this theorem. [
For the case of [y’ p(t)dt = 0 but k = 0 (mod 4), we obtain the following result.

Theorem 2. Assume that [ p(t)dt = 0 and k = 4m for some positive integer m.
Then every solution of (1) is w-periodic for t > N, where N denotes the minimal
integer not less than initial time ty of the solution.
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Proof. Since [;’ p(t) = 0, periodicity of p(t) implies

t+w
/t - p(s)ds =0,
so that g(t) also satisfies
t+w
/t q(s)ds = 0.
Now let x(t) be a solution of (1). Then it follows from (4) that
U, (t +w) = ua(t)
and hence
x(t +w) = x(t), (6)

whenever n <t <t+w < n+1. On the other hand, since k = 4m, w satisfies mw = 1.
This, together with (6), implies

x(n) =x(N) or p,=pn

for any integer n > N. Hence for each u,(t), u(t) = u,(n +t) is unique solution on
[0, 1) of the initial value problem

w) =4 (7). w0 = o (5).

—siné
which yields
Up(n+1t) =un(N +1t)
and so
x(n +1t) = x(N +t) (7)
on [0, 1] for any integer n > N. Therefore (6) and (7) assert that
x(t + w) = x(t)
for all £ > N. This completes the proof. O
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