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Abstract

In this paper, we study oscillatory properties of solutions for the nonlinear impulsive hyperbolic
equations with several delays. We establish sufficient conditions for oscillation of all solutions.
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1. Introduction

The theory of partial functional differential equations can be applied to many fields, such as biology, population
growth, engineering, control theory, physics and chemistry, see the monograph [1] for basic theory and applica-
tions. The oscillation of partial functional differential equations has been studied by many authors see, for ex-
ample [2]-[7], and the references cited therein.

The theory of impulsive partial differential systems makes its beginning with the paper [8] in 1991. In recent
years, the investigation of oscillations of impulsive partial differential systems has attracted more and more at-
tention in the literature see, for example [9]-[13]. Recently, the investigation on the oscillations of impulsive
partial differential systems with delays can be found in [14]-[19].

To the best of our knowledge, there is little work reported on the oscillation of second order impulsive partial
functional differential equation with delays. Motivated by this observation, in this paper we study the oscillation
of nonlinear forced impulsive hyperbolic partial differential equation with several delays of the form
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a[r(t)%(u(x,t))} _a(t)au(xt)- p(xt) f (u(xt))

_Z:qj(x,t) fj(U(X,t—Gj))+F(x,t), t£t, (x1)eQxR =G

@
u(xt ) =a (Xt u(xt,)),
ul(x,tk*):ﬂk(x,tk,ul(x,tk)), t=t, k=12,
with the boundary conditions
2—u+h(x)u:g(x,t), (x,t) e 2QxR* )
Y
u=p(xt), (xt)eoQxR" )
and the initial condition
u(xt)=@(xt), (xt)e[-5,0]xQ. 4)

Here QcR" is a bounded domain with boundary 6Q smooth enough and A is the Laplacian in the
Euclidean N-space R", y is a unit exterior normal vector of 6Q, 5:max{aj},
®(x,t)eC*([-5,0]xQR).

In the sequal, we assume that the following conditions are fulfilled:

(H1) r(t),a(t)ePC(R",R"), o; is a positive constant, p(x.t),q;(x.t) are class of functions which are

piece wise continuous in t with discontinuities of first kind only at t=t,,k=1,2,--- and left continuous at
t=t, k=12,

f f.
(H2) f(u), f, (u)eC(R*,R*); ﬁu) >C is a positive constant, #zcj is a positive constant, for

uz0;  h(x)eC(6QxQ"R);  F(xt)ePC(R*xQ,R); g(tx) and ¢(t,x)ePC(R*xoQ R);
O<t <t, <--- <t <”"|!mtk =00,
(H3) u(x,t) and their derivatives u,(x,t) are piecewise continuous in t with discontinuities of first kind
onlyat t=t,, k=12, andleftcontinuousat t=t., u(xt)=u(xt), u(xt)=u(xt), k=12
(H4) o (Xt u(xt)), B (%t u (xt))e PC(R*xQxR,R), k=12, and there exist positive con-

stants a,,a,,b,, b, and b <a  suchthatfor k=12,

* ak(x’tklg) <

a <———>><a,
¢

by S—ﬂk(x'tk’f) <b,.
¢

Let us construct the sequence {t } ={t, } U{tkgj } where t, =t +o; and § <%, k=12,

By a solution of problem (1), (2) ((1),(3)) with initial condition (4), we mean that any functionu(x,t) for
which the following conditions are valid:

1If —6<t<0, then u(xt)=®d(xt).

2.1f 0<t<t =t, then u(x,t) coincides with the solution of the problem (1) and (2) ((3)) with initial con-
dition.

3.0f §<t<f..telt) \{tkg,} ,then u(x,t) coincides with the solution of the problem (1) and (2) ((3)).
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4.1F § <t<t,, te {tk(,j} , then u(x,t) coincides with the solution of the problem (2) ((3)) and the follow-
ing equations
0 0 + + +
g[r(t)a(u(x,t ))}za(t)Au(x,t )-p(xt)f (u(x,t ))

—24;(xt) f; (u(x,(t—aj )))+ F(xt), t=t, (xt)eQxR" =G

u(xE)=u(xt) u(eF)=u(xg) for Leitjift, ).
u(x ) =an, (Lu(x))e w(nlr)= A, (nGou (). for e fi fNft):

Here the number k, is determined by the equality t, =t
We introduce the notations:

I ={(xt):te(t t.,).xeQ}; T={J_ I
T, ={(x,t) 't E(tk,tkﬂ),xeﬁ}; r={J, T
p(t)=minp(xt) and g, (t)=ming, (x1).

The solution u e C? (F)ﬂCl(l_“) of problem (1), (2) ((2),(3)) is called nonoscillatory in the domain G if it is
either eventually positive or eventually negative. Otherwise, it is called oscillatory.

This paper is organized as follows: Section 2, deals with the oscillatory properties of solutions for the problem
(1) and (2). In Section 3, we discuss the oscillatory properties of solutions for the problem (1) and (3). Section 4
presents some examples to illustrate the main results.

2. Oscillation Properties of the Problem (1) and (2)

To prove the main result, we need the following lemmas.
Lemma 2.1. Suppose that A is the minimum positive eigenvalue of the problem

An(x)+An(x)=0, xeQ,
a—77+h(x)77(x):0, X e oQ,

and »(x) is the corresponding eigenfunction of A.Then A2>0 and 7(x)>0,xeQ. Proof. The proof of
the lemma can be found in [20]. O _

Lemma 2.2. Let u(x,t)eC?(I")NC*(T) be a positive solution of the problem (1), (2) in G. Then the func-
tions

v(t) :_[Qu(x,t)n(x)dx and .[QF(x,t)n(x)dxs 0

are satisfies the impulsive differential inequality

[rtv(t)] +la(t)v(t)+Cp(t)v(t)+]§C1qj (t)v(t-o,)<R(t), t=t, )
. <v(tk*)<

) ©)

b;svl(t;)sbk, k=12, 7
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where
R(t)=a(t)[ n(x)g(xt)ds.

has an eventually positive solution.
Proof. Let u(x,t) be a positive solution of the problem (1), (2) in G. Without loss of generality, we may
assume that there existsa T >0, t, >T suchthat u(x,t)>0, u(xt-o;)>0, j=12,-,n, for

(X,t)eQx[to,oo).
For t>t,t=t, k=12, multiplying Equation (1) with 7(x), which is the same as that in Lemma 2.1
and then integrating (1) with respect to x over Q vyields

d

a{r(t)%iu(x,t)n(x)dx} = a(t)(leu(x,t)n(x)dx—ip(x,t) f (u(xt))n(x)dx

=3 fa, (x.t) fj(u(x,t—aj))n(x)dx+£[F(x,t)n(x)dx.

i=la
By Green’s formula, and the boundary condition we have

IAu(x,t)n(x)dx: I(n——uZ—Zde +IuAndx: I(n(g —hu)—u(-hrp))ds +.[u(—/177)dx

oQ oQ

=a£n(><)g(x,t)d5—AQ[U(X,t)ﬂ(X)dX’

where dS is the surface element on Q.
Also from condition (H2), and Jenson’s inequality we can easily obtain

E[p(x,t) f (u(x,t))n(x)dxZCp(t)Sj;u(x,t)n(x)dx

Sj;qj (xt) f; (u(x,t—aj ))77(x)dx2quj (1) u(x,t—aj)n(x)dx

Q

Thus, v(t)>0. Hence we obtain the following differential inequality
% r(t)%g[u(x,t)ry(x)dx}+a(t)/lg[u(x,t)ry(x)dx+Cp(t)£u(x,t)77(x)dx
_gchj(t)iu(x,t_aj)n(x)dxsa(t)a£g(x,t)n(x)ds,

[r(t)v'(t)]' +Aa(t)v(t)+Cp(t)v(t)+Jzn_;chj (t)v(t—aj)S R(t), t =t
where

R(t)= a(t)J‘aQn(x) g(xt)ds.

For t>t,, t=t, k=12,---, from (1) and condition (H4), we obtain

. u(x,tk*)
& Smﬁak
u (Xt

U (Xt

=+
—

b < <b,.

~

According to v(t) = [u(x,t)7(x)dx, we obtain

Q
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< <
ak_v(tk)_ak
V'(t!
by < ,(k)gbk, k=12,
vV'(t)

Hence, we obtain that v(t)>0 is a positive solution of impulsive differential inequalities (5)-(7).

This completes the proof. O

Lemma 2.3. Let u(x,t)eC?*(T')NC* (1:) be a positive solution of the problem (1), (2) in G. If we further
assume that f (—u)=—f 8u) ue(0,+00) and the impulsive differential inequality (5), and

[r(t)v'(t)]'+/1a(t)v(t)+Cp(t)v(t)+%chj(t)v(t—aj)S—R(t),t;ctk (8)
- V()

8, < V) <a, 9

b;s\\i"((ii))sbk, k=12, (10)

have no eventually positive solution, then each nonzero solution of the problem (1)-(2) is oscillatory in the do-
main G.

Proof. Let u(x,t) be a positive solution of the problem (1), (2) in G. Without loss of generality, we may
assume that there existsa T >0, t, >T such that u(x,t)>0, u(x,t—o-j)>0, j=12,---,n, for
(X,t) € Qx[to,oo).

From Lemma 2.2, it follows that the function v(t) is an eventually positive solution of the inequality (5)
which is a contradictions.

If u(xt)<0 for (x,t)eQx[ty,), then the function

a(xt)=-u(xt), (xt)eQx[ty,»),

is a positive solution of the following impulsive hyperbolic equation

g{r(t)%(u(x,t))} _a(t)Au(xt)- p(xt) f (u(xt))

ot

_éql'(x,t) f,—(U<X,t—0'j))+F(x,t), t£t, (xt)e QxR =G

u(x,tk*)zak (xt,u(xt)),

ut(x,tk*)=/3k(x,tk,ul(x,tk)), t=t, k=12,

and satisfies
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where
R(t)=a(t)[ n(x)g(xt)ds.
For t>t,,t=t,k=12,---, from (1)and condition (H4), we obtain

Thus, it follows that the function V(t)= Iﬁ(x,t)n(x)dx is a positive solution of the inequality (8)-(10) for
Q

t, >T which is also a contradiction. This completes the proof. O

Now, if we set g =0 in the proof of Lemma 2.3, then we can obtain the following lemma.
Lemma 2.4. Let u(xt)eC?*(I)NC (F) be a positive solution of the problem (1), (2) in G. If we further
assume that f (—u)=—f(u), ue(0,+) and the impulsive differential inequality (5), and

[r(t)v'(t)] +2a(t)v(t)+Cp(t)v(t)

n (11)
+3°Ca; ()v(t—o;) <0, t=t,
j=1
- V(W)
a < <a 12
“T(t) (12)
V(1)
by < (k)sbk, k=12, (13)
v'(t)
has no eventually positive solution, then each nonzero solution of the problem (1), satisfying the boundary con-

dition
ou N
—+h(x)u=0, (xt)edQxR", t=t,
Jy
is oscillatory in the domain G.
Proof. Let u(x,t) be a positive solution of the problem (1), (2) in G. Without loss of generality, we may

assume that there existsa T >0, t, >T such that u(x,t)>0, u(x,t—o-j)>0, j=12,---,n, for
(X,t)eQx[to,oo).

From Lemma 2.2, it follows that the function v(t) is an eventually positive solution of the inequality (5)
which is a contradiction.

If u(x,t)<0 for (x,t)eQx[ty,0), then the function T(x,t)=-u(xt),(xt)eQx[ty,), is a positive
solution of the following impulsive hyperbolic equation



V. Sadhasivam et al.

S5 ux0)] ~a080(x0) - p(x0)  (u(x1)

=Y (xt) f (u(xt=0p))+ F(x1), t#t, (x1)eQxR =G

u(xt)=a (X t.u(xt)),
ut(x,t;):ﬁk(x,tk,ut(x,tk)), t=t, k=12,
Z_;m( Ju=0, (xt)caQxR",
and satisfies
% r(t)%iﬁ(x,t)n(x)dx 7a(0) o (x ) (x) -+ o) o x ) ()

(t) [a(xt-o;)n(x)dx<0,

=1 Q

[r(t)v'(t)] +za(t)v(t)+Cp(t)v(t)+gchj (t)v(t-o;)<0, tt,.

For t>t,,t=t ,k=12,---, from (1)and condition (H4), we obtain

0, (x.t)

According to V() = [a(x x)dx, we obtain

(
Thus it follows that the function V(t)= Iﬂ(x,t)n(x)dx, is a positive solution of the inequality (11)-(13) for
Q

t, >T which is also a contradiction. This completes the proof. O

Lemma 2.5. Assume that
(A1) the sequence {t } satisfies O<ty <t <--, limt, = oo

(A2) m(t)e PC'[R*,R] is left continuous at t, ‘for k=12,.
(A3)for k=12,--- and t>t,,

m'(t)<p(t)m(t)+q(t), t=t,
m(t;)<d,m(t,)+e,,

where p(t),q(t)eC(R+,R), d, >0 and e, are constants. PC denote the class of piecewise continuous
function from R* to R, with discontinuities of the first kind only at t=t,, k=12,

Then
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m(t)<m(t,) [T dkexp(j;p(s)ds)+.[; I1d. exp(j:p(r)dr)q(s)ds

to<ty <t s<ty <t

+ Y deexp(j:kp(s)ds)ek.

o<t <t t<tj<t

Proof. The proof of the lemma can be found in [21]. O
Lemma 2.6. Let v(t) be an eventually positive (negative) solution of the differential inequality (11)-(13).
Assume that there exists T >t, suchthat v(t)>0 (v(t)<0) for t>T. If

.ot b
lim| J] =ds=+w (14)
s Mo Ls A

hold, then V'(t)>0 (v'(t)<0) for te[T,ti]U(U;:(tk,tm]), where I=min{k:t, >T}.

Proof. The proof of the lemma can be found in [22]. O
We begin with the following theorem.
Theorem 2.1. If condition (14), and the following condition

lim (' 11 ﬂr(tk)F(s)ds:Jroo, (15)
o0 S0 e b,

hold, where

ﬂa(t)+Cp(t)+exp(—5w(t1))JZn_l:quj (t)

") T

then every solution of the problem (1), (2) oscillates in G.
Proof. Let u(x,t) be a nonoscillatory solution of (1), (2). Without loss of generality, we can assume that

there exists T>0,t,>T, suchthat u(x,t)>0, u(xt-o;)>0, j=12,-,n for (x,t)eQx|t,).

From Lemma 2.4, we know that v(t) is a positive solution of (11)-(13). Thus from Lemma 2.6, we can find
that Vv'(t)>0 for t>t,.
For t>t,, t=t, k=12,--, define

v(t)
t)=r(t)—, t=t,.
W( ) r( )V(t) 0
Then we have w(t)>0, t>t,, r(t)v'(t)-w(t)v(t)=0. We may assume that v(t,)=1, thus we have
that for t>t,

v(t):exp(J‘;w(s)ds), (16)
V'(t) :W(t)exp(.[;w(s)ds), (17)
V'(t)=w? (t)exp(_[;w(s)ds) + W'(t)exp(ftlw(s)ds). (18)

Substitute (16)-(18) into (11) and then we obtain,
r’(t)w(t)exp(.[;w(s)ds)+ r(t)[w2 (t)exp(ft:w(s)ds)+W'(t)exp(J';W(s)ds)}
+ la(t)exp(j;w(s)ds) +Cp (t)exp(ﬁw(s)ds) + jz:chj (t)exp( ]

Hence we have

W(s)ds)so.

fo

1498
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r(t)WZ(t)+r(t)w'(t)+za(t)+<:p(t)+ichj(t)exp(_j:_gjw(s)ds)go, tt,,

j=1

r(t)w'(t)+ia(t)+Cp(t)+jZi;quj(t)exp(—J':_GJW(s)ds)go, tet,.

From above inequality and condition b, <a,, it is easy to see that the function W(t) is nonincreasing for
t>t, >5+t,. Thus w(t)<w(t) for t>t, which implies that

r(t)w’(t)+Za(t)+Cp(t)+exp(—5w(g))ngqj(t)sO, tet,.

From (12)-(13), we obtain

(t)- (t)((f)) O L

and
r(t)w’(t)s—Za(t)—Cp(t)—exp(—éw(tl))échj( ), tet,
W(t;)s r(tk)%w(tk) k=12
Let

~Aa(t) - Cp(t)—exp(~ow(t,)) XC,q; (1)
F(t)= 5 = |

Then according to Lemma 2.5, we have
b

w(t)<w(ty) [ r(t) 2+ [ TTr(t) 2 F (s)as
to<ty <t a s<ty <t a

*

- w(ty)r (t)-; TT r(tk)Z—:F(s)ds <0.

to<t<t & to<ti<s

Since w(t)>0, the last inequality contradicts condition (15). This completes the proof. [

3. Oscillation Properties of the Problem (1) and (3)

Next we consider the problem (1) and (3). To prove our main result we need the following lemmas.
Lemma 3.1. Suppose that 4, is the smallest positive eigen value of the problem

AY (X)+4¥(x)=0, xeQ,
¥ (x)=0, X € 0Q),
and W(x) is the corresponding eigen function of 4,. Then 4, >0 and ¥(x)>0,xeQ.

Proof. The proof of the lemma can be found in [20]. O
Lemma 3.2. Let u(x,t)eC? (F)ﬂCl(l:) be a positive solution of the problem (1), (3) in G. Then the func-

tion
jﬂF(x,t)‘{’(x)dst

are satisfies the impulsive differential inequality
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[r(O)v/(1)] +Aa(t)v(t)+Cp(t)v(t)
+ZCq JV(t-0;)<Q(t), t=t,
V(&)

where

oY
Q(t) = —a(t)JqQ@(X,t)a—dS.
0 N
has the eventually positive solution

v(t):jﬂu(x,t)\l’(x)dx.

(19)

(20)

(21)

Proof. Let u(x,t) be a positive solution of the problem (1), (3) in G. Without loss of generality, we may

assume that there existsa T >0,t, >T such that u(x,t)>0, u(x,t—
(X,t)eQx[to,oo).

For t>t,,t=t,k=12,---, multiplying equation (1) with ‘P(x) , which is the same as that in

Lemma 3.1 and then integrating (1) with respect to x over Q yields
d

i=lo

By Green’s formula, and the boundary condition we have

iAu(x,t)‘P(x)dx = _f (\Pg—;—ua—yjds +IuA‘de

oQ

:EJ;z—w(x,t)gdS +sj;u(—/10\P)dx

:_a£¢(x,t)2—ljd8 ~ux0) (A ()0

where dS is the surface elementon Q.
From condition (H2), we can easily obtain

E[p(x,t) f (u(x,t))‘l’(x)dxZCp(t)!;u(x,t)‘P(x)dx
!}qj (xt)f, (u(x,t—aj))‘I’(x)dxzchj (t)iu(x,t—aj)‘lf(x)dx.

The proof is similar to that of Lemma 2.1 and therefore the details are omitted. O

0,)>0, j=12,,

m r(t)%iu(x,t)‘l‘(x)dx} = a(t)jAu(x,t)‘P(x)dx—ip(x,t) f(u(xt))¥(x)dx

—qu (x1) ( (x,t—aj»‘}’ X

Lemma 3.3. Let u(x,tgecz(l")ﬂc1 (1:) be a positive solution of the problem (1), (3) in G. If we further

assume that f (-u)=—f

[r(t)v’(t)]+ﬂoa(t)v(t)+Cp(t)v(t)+jzn;quj(t)v(t—aj)S—Q(t), t2t,

u), ue(0,+0) and the impulsive differential inequality (19), and

(22)



V. Sadhasivam et al.

._v(t)
< < 23
V) T (23)
v (tF
by < '<k)sbk, k=12, (24)
V(L)

have no eventually positive solution, then each nonzero solution of the problem (1), (3) is oscillatory in the do-
main G.

Proof. The proof is similar to Lemma 2.3, and hence the details are omitted. O

Futhermore, if we set ¢ =0, then we have the following lemma.

Lemma 3.4. Let u(x,t)eC?*(T')NC* (F) be a positive solution of the problem (1), (3) in G. If we further
assume that f(-u)=—f(u), ue(0,+) and the impulsive differential inequality (19), and

[r(t)v’(t)]’+/10a(t)v(t)+Cp(t)v(t)+jzn;(:jqj(t)v(t—aj)so, t#1, (25)
*<v(tk*)<
B S (26)
V(%)

<b, k=12, @7)

has no eventually positive solution, then each nonzero solution of the problem (1), satisfying the boundary con-
dition
u=0, (x,t)e0QxR", t#t,

is oscillatory in the domain G.
Proof. The proof is similar to Lemma 2.4, and hence the details are omitted. O
Using the above lemmas, we prove the following oscillation result.
Theorem 3.1. If condition (14) and the following condition

lim [ T] 2r(t,)F(s)ds =+, (28)

hold, where

then every solution of the problem (1), (3) oscillates in G.
Proof. Let u (x,t) be a nonoscillatory solution of (1), (3). Without loss of generality, we can assume that there

exists T>0,t, 2T, suchthat u(xt)>0, u(x,t—aj)>0, j=12-n for (xt)eQx[t,»).

From Lemma 3.4, we know that v(t) is a positive solution of (25)-(27). Thus from Lemma 2.6, we can find
that v'(t)>0 for t>t,
For t>t,, t=t, k=12,--, define

Then we have w(t)>0, t>t,, r(t)v'(t)—w(t)v(t)=0. We may assume that v(t,)=1 thus we have
that for t>t,

v(t)=exp(ft;w(s)ds), (29)
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V'(t) :W(t)exp(j;w(s)ds), (30)
V' (t)=w? (t)exp(fw(s)ds)
Ot 31)
+W’(t)exp(J't0W(s)ds).
We substitute (29)-(31) into (25) and can obtain the following inequality,
r(t)[w2 (t)exp('[:w(s)ds)+W’(t)exp(ﬂw(s)dsﬂ
0 0
+ﬂoa(t)exp(.[:w(s)ds)+ Cp(t)exp(fw(s)ds) <0,
0 0
then we have
r(t)w'(t)+Aa(t)+Cp(t)<0, t=t,.
From (26)-(27), we can obtain
V'(t; ) b, V' (t,)
w(th)=r(t <r(t )=
()6 ey =6
~r(t)2w(t,), k=12,
a'k
It follows that
r(t)w'(t)<-2a(t)-Cp(t), t=t,
. b
w(t )gr(tk)a—Ew(tk), t=t,
Let
(1) 2 0)-Co(1)
r(t)
Then according to Lemma 2.5, we have
w(v) <w(ty) T r(t) 2+ ] TTr() 2 F(s)ds
to <ty <t a Os<ty <t a
=TT 2 wity)r(t)- [ TT r(t)2F (s)ds|<o.
to <ty <t 0 <to<s b,
Since w(t)>0, the last inequality contradicts (28). This completes the proof. O
Theorem 3.2. If condition (14) and the following condition
. t a*
tim [T 0 ()€, 0,05 =+, (32)

tOtc,<tk<s k

hold for some @; , then every solution of the problem (1), (3) oscillates in G.
Proof. The proof is obvious and hence the details are omitted. [

4. Examples

In this section, we present some examples to illustrate the main results.
Example 4.1. Consider the impulsive differential equation
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Al

—2(t+n)sin2(t)u(x,t—gj—(t+n)sin(2t)cos(t)sin(x), t>Lt=t, k=123

u(x,t

ut(x,tk*):

.0

p (u (xt))) =(t+n)’sin?(t)Au(x,t) - (t+m)* cos? (t)u(x,t)

+1)

k+1
TU(X'tk)
U (Xt

)

), k=12,

and the boundary condition

Here Q=(0,n), a,

p(t)=(t+n)" cos* (1), o (t)=

Moreover

u(0,t)=u

:aﬁ:E b, =b, =1 k=12,
k

(mt)=0, t>0, t=t, k=12,
r(t)=(t+n)*, a(t)=(t+x)’sin?(t),

2(t+m)sin®(t), o, ==, f(u)=u, f,(u)=u, and taking {tk}fﬂ:{zk}

r
2’

Lds
k+1

lim [ TT b—kds:jl*“’]‘[

I,
oo Ot o<tk<s ak 1<lk<s

¢ Lds+
k+1

H

I<ty <

+
t

ds+ [ T

j— tl
_'[ 1<ty <s k 1 J.+l<l <s k 1 J. I<ty<s
1 2 1

:1+—><2+l><—><22+—><3><§><23 2
2 2 3 2 3 4

=2

non+1

s0 (14) holds. We take 4, =1, C=C, =1, 5§ =max{o;} =g, W(tl):t_ , then
+7

thus

t+ n)2 +(t+ n)2 cos? (t)

_(
(t) (t+TC)2

F

=1+cos’ (t),

)F(s)ds = Ilmf I1 k+1( n)z(l+cosz(s))ds

I<ty<s

Ilmj H—r

oo I<ty<s k

>I|mj

t—>+0

(1+ cos s)ds + o0,

(33)

(34)

400

L

Hence (28) holds. Therefore all conditions of Theorem 3.1 are satisfied. Hence every solution of the problem
(33), (34) oscillates in (0,m)x[0,%0). Infact u(x,t)=sinxcost is one such solution of the problem (33) and

(34).

Example 4.2. Consider the impulsive differential equation

0

ot

—2('[+n)sin2('[)u(x,t—57nj+2(t+n)cos3 (t)cos(x), t>Lt=t, k=123,

u

ut(x,tk*)=

2 0

—(u (xt))] =(t+ n)z sin® (t) Au(x,t)—(t+ n)z cos®(t)u(x,t)

ot

((t n)

k+1
TU(X:tk)

U (Xt

x,tk*):

), k=12,

and the boundary condition

(35)
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Here Q=(0,n), a, =a;

p(t)=(t+m) cos(t), g (t)=2(t+n)sin’(t), o, ==

U, (0,t)=u,(mt)=0,t20,t=#t k=12, (36)

*:ﬂ, b =b =1 k=12, r(t):(t+n)z, a(t)=(t+n)zsin2(t),

5“, h(u)=0, f(u)=u, f,(u)=u, and taking

{tk }1”° = {2“}1%. It is easy to check that the conditions of Theorem 2.1 are satisfied. Therefore, every solution

of the problem (35), (36) oscillates in (0,7)x[0,0). In fact u(x,t)=sintcosx is one such solution of the
problem (35) and (36).
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