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OSCILLATION OF SECOND-ORDER NONLINEAR IMPULSIVE
DYNAMIC EQUATIONS ON TIME SCALES

MUGEN HUANG, WEIZHEN FENG

ABSTRACT. In this article, we study the oscillation of second-order nonlinear
impulsive dynamic equations on time scales. Using Riccati transformation
techniques, we obtain sufficient conditions for oscillation of all solutions. An
example is given to show that the impulses play a dominant part in oscillations
of dynamic equations on time scales.

1. INTRODUCTION

This paper is concerned with the oscillations of second-order nonlinear impulsive
dynamic equations on time scales. We consider the problem

YRR + f(ty° (1) =0, telr:=[0,00)NT, t#tp, k=1,2,...,
y(t5) = ge(y(te), y= () = hi(y™ (tr)), k=1,2,..., (1.1)
y(t) = v, Yy (td) = vd,

where T is a time scale, unbounded-above, with 0 € T, t, € T, 0 < tg < t1 <ty <
e <t < ouuy limg oo By = 00.
Yy — Ay 1 A
y(ty) = lim y(te +h), y=(E) = lm y=(t +h), (1.2)

which represent right and left limits of y(¢) at ¢ = ¢; in the sense of time scales,
and in addition, if #; is right scattered, then y(t{) = y(tx),y>(t{) = vy (tx). We
can defined y(t, ), y>(t;,) similar to (T.2).

We always suppose that the following conditions hold:

(H1) f € Crg(T x R,R), zf(t,x) >0 (z # 0) and fé?’:)) > p(t) (xz # 0), where

p(t) € Crg(T,Ry) and zp(x) > 0 (x #0), ¢'(z) > 0.
(H2) gk, hr € C(R,R) and there exist positive constants ax, aj, bx, b} such that
< gk(l') hk(x)

ap < =——<ag, b <——=<b
T x

Throughout the remainder of the paper, we assume that, for each £ =1,2,..., the
points of impulses ), are right dense (rd for short). In order to define the solutions
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of the problem (|1.1)), we introduce the space

ACt = {y : JT — Ris i-times A-differentiable, whose

. . . () . .
i-th delta-derivative y® ~ is absolutely contlnuous}.

PC = {y : Jr — R is right dense continuous at t;,k =1,2,... for which
Yt ), y(E0), 92 (6), v (1) exist and y(t) = y(te), ¥ (t;) = v (t) }.

Definition 1.1. A function y € PC(AC?*(Jr\{t1,...},R) is said to be a solution
of (L1), if it satisfies y®2(t) + f(t,y7(t)) = 0 a.e. on Jp\{tx},k=1,2,..., and for
each k = 1,2, ...,y satisfies the impulsive condition y(tZ) = gk(y(tk)),yA(tp =
hi(y® (tx)) and the initial condition y(td) = yo, y>(td) = y5*.

Definition 1.2. A solution y of (1.1)) is called oscillatory if it is neither eventually
positive nor eventually negative; otherwise it is called nonoscillatory. Equation
(1.1) is called oscillatory if all solutions are oscillatory.

In recent years, the theory of dynamic equations on time scales, which provides
powerful new tools for exploring connections between the traditionally separated
fields, has been developing rapidly and has received much attention. We refer the
reader to the book by Bohner and Peterson [4] and to the papers cited therein. The
time scales calculus has a tremendous potential for applications in mathematical
models of real processes, for instance, in biotechnology, chemical technology, eco-
nomic, neural networks, physics, social sciences and so on, see the monographs of
Aulbach and Hilger [2], Bohner and Perterson [4] and the references therein.

Very recently, impulsive dynamic equations on time scales have been investigate
by Agarwal et al.[1], Belarbi et al.[5], Benchohra et al. [6 — 9] and so forth. Ben-
chohra et al [9]. considered the existence of extremal solutions for a class of second
order impulsive dynamic equations on time scales, we can see that the existence of
global solutions can be guaranted by some simple conditions. In [6], M.Benchohra
et al. discuss the existence of oscillatory and nonoscillatory solutions for first or-
der impulsive dynamic equations on time scales using lower and upper solutions
method.

The oscillations of impulsive differential equations have been investigated by
many authors and they gained many classical results. See Chen and Feng [10] and
the papers cited therein. Using the method of Chen and Feng [10], the present
paper is devoted to study the oscillations of a kind of very extensive second order
impulsive nonlinear dynamic equations on time scales. An example is given to show
that though a dynamic equations on time scales is nonoscillatory, it may become
oscillatory if some impulses are added to it. That is, in some cases, impulses play
a dominating part in oscillations of dynamic equations on time scales.

In the following, we always assume the solutions of exist in Jr. Our at-
tention is restricted to those solution y of which exist on half line Jp with
sup{|y(t)| : t > to} # 0 for any t9 > t,, where ¢, is dependent on the solution y
of . To the best of our knowledge, the question of the oscillations for second
order nonlinear impulsive dynamic equations has not been yet considered. Hence,
these results can be considered as a contribution to this field.
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2. MAIN RESULTS

In this section, we give some new oscillation criteria for (|1.1). In order to prove
our main results, we need the following auxiliary result.

Lemma 2.1. Suppose that (H1)—(H2) hold and y(t) > 0, t > t{, > to is a nonoscil-
latory solution of (L.1)). If
(H3)
bt bybs bibs ... b
(tr —to) + —-(ta — t1) + 2 (t5 — tp) + -+ + 20
a1 aias a1ag ...0an

then y2(t) > 0 and y>(t) > 0 for t € (ty,tkr1]T, where ty > t).

(tn1 = tn) + -+ = 00,

Proof. At first, we prove that y*(t,) > 0 for t;, > t{), otherwise, there exists some
j such that t; > t§ and y®(¢;) < 0, hence

v (1) = by (1)) < by (1) <0

Let yA(t;-') = —a (a > 0). From (L.1), for t € (tj4i—1,tj4ilT,0 = 1,2,..., we
obtain

YRR (t) = —f(t,y7 (1) < —pt)p(y” (1) <0, (2.1)
i.e. y2(t) is nonincreasing in (¢;4;_1,t;4+4r,4 = 1,2, ..., then
Y2 (i) < y2(t)) = —a <0,
v (tir2) < Y2 () = R (Y2 (ti11)) < BFay° (ti1) < —bjqa <0
It is easy to show that for any positive integer n > 2,
yA(thr’ﬂ) < _b;+n71b;+n72 e b;+104 <0. (2.3)

Now, we claim that for any positive integer n > 2,

(2.2)

*
bj1
i1

Y(tjn) < QGjtn—1Gj4n—2 ... aj41 [y(t;r) —altj —t;) — altjya —tj41)

* * *

N A TP S0

— Atjsn —tisn1)|.
Aj4n—10j4n—2 .- Ajt1

Since y*(t) is nonincreasing in (t;,#;11]7, hence 20
A0 Sy te ity (2.5)

Integrating and using 7 we obtain
y(tie1) Syt +y2 ()t — t5) = y(th) — altip —t;). (2.6)

Similarly to (2.6) and using (H2), (2.2)) and (2.6)), we get
Y(tje2) S y(th) +y> () (Gae — tjsr)
= gj1(y(tj+1)) + hjra (Y™ (t41)) (tir2 — ti1)
< ajpay(tipn) + 05 y> (b)) (tja — ti41)
bita

< ajn[y(t)) —alti —t;) - o
J

altjre —tjt1)].
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Then (2.4 holds for n = 2. Now we suppose that (2.4]) holds for n = m, i.e.

b
+1
Y(tjrm) < @j41@542 - - Qjpm—1 [y(tf) —altj —tj) — aj4+10f(tj+2 —tj41)
J
(2.7)
bip1bja - bjym—1

— = a(tjtm — tj+m—1)]’
Aj41G542 .. Ajrm—1

now we prove that holds for n = m + 1. Since y®(¢) is nonincreasing in
(tj+m> tj+m+1)T, We have
y2 (1) <y (thn) € (trmstipmp]r
Integrating and using (H2), (2.2), and (2.7)), we obtain
Y(tirme1) <yt ) + v () Grmar — tivm)
< ajamY(tism) + 05 m ¥ tem) met — tim)

b,
+ i+
< 4410542 - Gjpm [y(tj ) —altjpn —tj) — ﬁaaj% —tjt1)
J
* * *
LI T
- (tjpm = tjym—1)
Aj410542 .- Aj4m—1

* * *
— bj+1bj+2 e bj+ma(tj+m+l - tj+m)
b*
Jj+1
@j+1

= 410542 Gjym [y(tf) —a(tjy —tj) — otjpe —tj41)

b, bt bk
410542+ Ojpm—1
- a(tj+77l - tj*HVl*l)
aj+1aj+2 . aj+m_1

* * *
Wb b,

— —a(tjymt1 — tj+m)]
Aj+10542 -+ - Ajtm

Then (2.4) holds for n = m + 1. By induction, holds for any positive integer
n > 2. and (H3) is contrary to y(t) > 0. Therefore, y* (t) > 0 (t; > t}). From
(H2), we get for any tx > th, y>(t)) > biy™(tx) > 0. Since y~(t) is nonincreasing
in (tg, tpea)r, we know y2(t) > y>(try1) > 0,t € (tg, txs1]r. The proof of Lemma
is complete. O

Remark 2.2. In the case of y(t) is eventually negative, under the hypothesis (H1)—-
(H3), it can be proved similarly that y*(¢{) < 0 and for ¢ € (ty, tes1]r, y>(t) <0
for tk Z T.

Theorem 2.3. Suppose that (H1)-(H3) hold and there exists a positive integer ko
such that aj, > 1 for k > k. If

t1 1 to 1 ts
/ POAL+ / OINE Y RO,
to 1 Jt, 192 Jty

1 (2.8)

tng1
e = DAL+ .. =
* +b1b2...bn/tn POALS - = o0,

then (1.1)) is oscillatory.

Proof. Suppose to the contrary that (1.1]) has a nonoscillatory solution y(t), without
loss of generality, we may assume that y(t) is eventually positive solution of (1.1),
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Le. y(t) > 0,t >ty and kg = 1. From lemmal2.1} we have y2(t) > 0, t € (tg, tyr1]r,
=1,2,.... Let
A
t

w(t) = y7(>7
e(y(t))

then w(tf) >0, k = 1,2,... and w(t) > 0,t > to. Using (H1) and (L.1), we get

when ¢ # t,

t,y° (t At

~oly()e(ye (1) /0 @ (y(t) + hu(t)y™ (t))dhy™ (¢)

(2.9)

(2.10)

2 / & ((t) + hya(t)y™ (1))

since ¢’(y(t)) > 0 and ¢(y(t)) > 0. From (H2) and aj, > 1, we obtain

A t+ A A
w(tf) = -2 () _ bey®(te) _ bay®(t) = byw(ty), k=1,2,.... (2.11)

ely(tl)) ~ elagy(te) — ely(ts))
Integrating (2.10f), we have

w(ty) <w(ty) — / 1 p(t)At. (2.12)

to

Using (2.11)) and (2.12), we obtain
t1
w(t) < brw(ty) < brw(td) — b / P(H)AL.
to

Similarly, we get

w(td) < byw(ts) < by [w(tf) - /tz p(t)At}

L . (2.13)
1 2
< bibow(td) — blbg/ p(t)At—bg/ p(t)At.
to t1
By induction, for any positive integer n, we have
tl t2
w(t:f) < blbgan)(ta_) *blbz...bn/ p(t)Atbe...bn/ p(t)At
t t
tn—1 ’ tn '
th—2 tn—1
" L e (2.14)
= bibo...by [w(tg) - / p(t)At — 7/ p()AL— ...
to bl t1
1 tn—1 1 tn
- t)At — 7/ t)At].
biby .. by 2 /t_ p(t) biby. bus )i . p(t) }

Using (2.8) and b > 0, &k = 1,2,..., we obtain w(t}) < 0, n — oo, which
contradicts to w(t}) > 0. O
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Theorem 2.4. Assume that (H1)—(H3) hold and ¢(ab) > ¢(a)p(b) for any ab > 0.

If
/tol p(t) AL+ EZ)/t (t)At—&—(pwll)zz(az)/t:p(t)At

a¥ asy)...olar brt1
o( 1)2015322) - e(ay,) / p()AL 4 -
B % t

(2.15)

:OO,

n

then (L.1]) is oscillatory.

Proof. As before, we may suppose y t > to be a nonoscillatory solution

(t) >0
of (L.I), Lemma [2.1] n ylelds y2(t) > 0,t > to, deﬁne w(t) as in and we get
w(ty) >0,t>tg, w(t}) >0, k=1,2,... and (2.10) holds for ¢ # t;, and
YR () by () by () by,

w(th) = _ (i) |
)= 20 = Plapte) = lepelute) ~ alap ™ *19

As in the proof of (2.14)), by induction, for any positive integer n,
w(ty)

t * ta
. *blbg*...bn : {w(tg)—/ p(t)At—%/ p(t)At —
t1

plat)p(az) .- p(ay) to 1
p(at)p(a) (a5 ) /t"‘l plai)e(as) .. play 1) /t"
- tAL - DAL,
bibs .. by_s - p(t) bibs . bp_1 - p(t)
Let n — oo and use (2.15)), we obtain the desired contradiction. O
In the following , we will use the hypothesis
(H4) f:o A(;‘) < 00, for any € > 0, where fioo A(Z) < oo denotes [ (u) < 00

and [~ A(::)<oo

Theorem 2.5. Assume that (H1)-(H4) hold and there exists a positive integer kg
such that aj, > 1 for k > ko. If

> tr41 trt1 1 [}
3 / [ / pA + - / p(t)At
tr s k+1 tht1

k=0

1 thtnt1
NS / p(t)AtwL...}As:oo
bi+10k42 - - - bkgn tktn

then (1.1)) is oscillatory.

Proof. As before, we may assume y(t) > 0,¢ > ¢y be a nonoscillatory solution of
(1.1) and ko = 1, Lcmma shows that yA(t',f) >0, k=1,2,... and y2(t) >

(2.17)

0,t>1tp. Since aj > 1, k=1,2,..., we get

y(te) Sylt) < y(t) <ylt) <y(t3) < ..., (2.18)
its easy to see that y(t) is nondecreasing in [tg, 00), hence yields

BA() = —f(ty (1) < —p(t)p(y7 (1), # tas (2.19)
hence, y2(t1) — y2(tg) < — ftil p(t)p(y? (t))At. Using (H2), we obtain

t1 A4+ t1
s 20+ [ e oae= 4 [T pne)a

to tO
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Similarly,

A > ) | | st @nar

b .
Generally, for any positive integer n, we get

At .
Yol | [ st nac

P 2 )+ [ b @)az
t n+1 n

n

From this inequality and (2.19)), noting that y* (tz) >0,k=1,2,..., we have for
5 € (tg, by,

y=(s) = / PR )AL+ YA ()

tht1 A t+
> / o (1) At + Y= (tegn)
br+1
b 1 [ [t Yy (this)
> [ et s+ [ [ e epan ]
k1 LS gy k+2
trt1 1 tkt2
> [ et st [ poetr o)A
k+1 Jtg4q
tk+3 (t"‘ )
—_ ¢ At+ k43
bk+1bk+2 /tk+2 p()ely”(8) bk+1bk+2bk+3
tht1 1 trt2
ooz [ b0 i [ p0er)A
E] bk+1 tha1
1 Thtnt1 yA(tL_ +1)
+ t T(t)) At + n )
br41brta .. bpgn ./t,ﬁn P2y () br1brt2 - bpgnt1

Noting that by > 0 and y» (tz) >0,k=1,2,..., the above inequality yields

A te4+1 1 thso
Pz [ e T [ pwer s
8 k+1 Jtg i
’ (2.20)
1 /k+n+1 At
t 7(t ,
Drs 102 - biin iy, p()p(y’ (1))
holds for any positive integer n, then
A tit1 1 tor
Pz [ e s T [ oero)ae .
S o (2.21)

]_ thtn41
/ p()p(y7 () At + . ...
bra1brya o brgn Jip
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Using (H1) and the above inequality, we obtain that for s € (¢, tgr1]T,

y2(s) Bt oy (t) 12 oy (t))
MM@)ZK ”“¢@@»At+m#héﬂfm>wmg>

1 /t’”"“ oy (1))
p) L Ay
br1bky2 - Oktn Jo, ®) ©(y(s))

trt1 1 tret2
z/ p(t)AL + / p(t)At

br+1 tht1

At+...

1 thgnt1
+-+ / p(t)At+ ...
brr1bisz - rin i,
Integrating it from ¢ to txy; and using (2.3)), we have

tht1 tht1 1 te+2
/ [ / p(BAL + / pOAL+ ...
Tk s bk?+1

tr41

1 / A A
AL+ ... S
besibisa - biin Ju,. L ®) }

th+1 A
< / y2(s) A
w ey(s)
y(te1)
- / RN
y(th) o(u)
Using ([2.18)), and (H4), the above inequality yields

i/tkﬂ {/:M p(t)At + ! /tk+2p(t)At+...

k=0 tr bk"rl tri1

1 thtnt1
/ p()AL + .. ]

brt1bry2 o Okgn Sy,

o ryltet)  q
< Z/ ——Au
0 Yy (&) p(u)

> 1
< / Au < 00,
y(td) o(u)

which contradicts (2.17)). O

Theorem 2.6. Suppose that (H1)—(H4) hold and there exists a positive integer kg
such that aj, > 1 for k > ko. Assume, furthermore, that ¢(ab) > ¢(a)p(b) for any
ab >0 and

f: / . [ / tk“p(t)AH Plai) / e p(H)AL

b0tk brt1 tht1

n Pk 11)(0h ) /tk+3 )AL+ . .. (2.22)

bry1brio trso

SD(GZH)SD(GZH) S @(a2+n)
beg1bry2 .. Dryn

Then (1.1) is oscillatory.

thtnt1
/ p(t)AtJr...]As:oo.

thtn
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Proof. As before, we may assume that y(t) > 0, t > ¢, is a nonoscillatory solution

of (1.1)) and kg = 1. According to the proof of Theorem (2.18) and (2.21)
hold. Furthermore, from (H1) and Lemma we obtain ¢(y) is nondecreasing

and y(t) is also nondecreasing in (tx, txr1]T, ¥ = 0,1,2,.... Therefore, p(y(t)) is
nondecreasing in (tx, tx+1]r. Hence,

e(y(ti1)) = elagay(ten) > o(ai) ey (tie)),

and

Pyt ) = P(ahiay(ter2)) = w(ah2)eW(ti,)) = 9(ah)e(ah2)e(y(ter)).
By induction, it can be proved that for any positive integer n,

t+

PY(tiin)) = Plag1)e(aksa) - P(ah4n) P (Y (thir))- (2.23)

From this inequality, (2.21]), and using the fact that ¢(y(¢)) is nondecreasing, we
obtain, for s € (tg, tkt1]T,

1 tr42

yA@>zg/k&lpanxyww>At+—ggf P ()AL + ...
s k+1 Jtpi1

1 thpnt1 Y
/ POy ()AL + ...
bisibira - bien Jop,,

trhy + thio
zwmm/ p@&+ﬂﬁﬁml p(OAL+ ..

t+ thtnt1
bk+1bk+2 s bk+7l thtn

> o(y(s)) /tk+1p(t)At + PPy (i) /tm p(O)AL + ...

B bi+1 trt1

+ At+....

olag1)e(agy) - o(ag ) e(y(tii)) /““*““ ()
brt1bi+2 .. bran toin

y2(s) Z/tﬂ1 p(t)AtJr(p(GZ—H)‘P(y(tk—&-l)) /tk+2p(t)At+...

@(y(s)) karl (P(y S) tri1
+¢waowwa4»~¢wa»¢@amn>/“”“p@Aﬁh”
bt 1brt2 - brgn ey(s)  Ji.
tht1 * tht2
2/ p(t)AtJr(‘OE;Ii’:l)/t p(t) AL+ ...
s k41

plagy)p(arys) - plag,,) /tk+"+1 p(H)AL +
brt1bky2 - Okgn totn
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Integrating the above inequality and using (2.18)), (2.8, we obtain

o0

tet1 L1 * tht2
p(aky1)
> / [/ p(t)At—l—%/ p(t)At+ ...
tr s k+1

k=0 tht1

plag1)p(ag, o) .- plaf,,) / frn p(HAL + ]
brt1bk42 -+ bgn thin

— [ yR(s)
S;/ =0)

+

0 y(ter1) 1
=3 [ s
L—0 y(t;r) QO(’UJ)

< / LAu < 00,
y(td) o(u)

which contradicts :2.22 ).
From Theorems [2.3 we have the following corollaries.

Corollary 2.7. Suppose that (H1)—(H3) hold and there exists a positive integer ko
such that aj, > 1, by, <1 for k > k. Iff p(t)At = oo, then is oscillatory.

Proof. Without loss of generality, let kg = 1. By by < 1, we get
t1 AA 1 to AA 1 t3 A 1 tny1 A
t+ — t — AL+ ————— t)At
| rmacs g s o [0 vl L

> / " AL+ / g ()AL + / AL+ / " At

to t1 to tn
tnt1

_ / p(t)AL.

to

Let n — oo, from [~ p(t)At = oo, the above inequality yields (2.8). By Theorem
we conclude that (1.1 is oscillatory. O

Corollary 2.8. Assume that (H1)—(H4) hold and there exists a positive mteger ko
such that aj > 1, by < 1 for k > ko. Iff f p(t)AtAs = oo, then is
oscillatory.

The proof of the above result is similar to the proof of Corollary and using
Theorem 2.5

Corollary 2.9. Suppose that (H1)—(H3) hold and there exist a positive integer kg
and a constant o > 0 such that

>, bi > (t’““) L fork > ko, (2.24)
k:
If
/ t*p(t) At = co. (2.25)

Then (1.1) is oscillatory.
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Proof. As before, let kg = 1. Then (2.24) yields

t A 1 t2 A 1 tg A 1 tn+1 A
DAL+ — DAL+ —— DAt — — t)At
/t\o p( ) bl /t\l p( ) b1b2 /trz p( ) ble ce bn /t\n p( )

1 b2 ts tnt1
Z [ / tap(t) At + / tsp(t)At + - - - + / tgﬂp(t)m]
1

(31 ta tn
1 to t3 tnt1
za[/ to‘p(t)AtJr/ tap(t)At+--'+/ t“p(t)At]
tl t1 to tn
1 [ten
= — £ p(t) At
tl t1

Let n — co. Then using (2.25)), the above inequality yields (2.8]). By Theorem
we obtain that ([1.1]) is oscillatory. O

Corollary 2.10. Assume that (H1)—(H3) hold and ¢(ab) > ¢(a)p(b) for any ab >
0. Suppose there exist a positive integer kg and a constant o > 0 such that

plap) o thtiya

— —= k> ko.

bk: = ( tk ) ) fOT’ = RO

If [ top(t)At = oo, then (L)) is oscillatory.

The above corollary follows from Theorem and its proof is similar to that of

Corollary [2:9]

Corollary 2.11. Suppose that (H1)—(H4) hold and there exist a positive integer ko
and a constant o > 0 such that

1
ap > 1, b >ty for k>ko. (2.26)
If
> (tega —tk)/ tp(t) At = 0. (2.27)
k=0 bt

Then (1.1) is oscillatory.

Proof. As before, we assume ko = 1, t; > 1. From (2.26)), we get
L >t L
birr — T bibrso
1

Ml
bet1bryo .. Dryn

« (07
2 thyatiyss -

>t
Similar to the proof of Corollary 2.9} we have

tht1 1 lot2 trts
/ p()AL+ / p()AL + / pAL+ ...

b1 Juyy, br10k+2 Ji,

1 thtnt1
/ p(t)At

+
bi+1bk42 -+ Oktn S,

thtnt1
> / 1p(t) AL,

tr41
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Let n — oo, we have

tht1 1 tht2 1 tk+3
/ pt)AL + —— p(t)AtJri/ p()AL + ...

bk:+1 trt1 bk+1bk+2 btz
1 thtnt1
/ pOAL+ ..
bi1bky2 - Okgn Sy,

> / T At

th+1

Using ([2.27) and the above inequality, we get

> tht1 tht1 1 tht2 1 tht3
Z/ [/ p(t)At + / p(t)At + 7/ p(t)At—l—...}As
tk s

= b1 S biet1brt2 Jiy s
e tht1 o]

>y / / tp(t) AtAs
k=0" 1k tr41

= (ter1 — te) /OO t*p(t)At = oo.
k=0

tet1

By Theorem we obtain that (|1.1) is oscillatory. O

Corollary 2.12. Suppose that (H1)—(H4) hold and there exists a positive integer
ko and a constant o > 0 such that

e(ay)

>teq, fork > k.

Suppose that p(ab) > p(a)p(b) for any ab > 0 and

> (trgr — tk)/ p(t)At = co.
k=0 trt1

Then (1.1) is oscillatory.

The proof of the above corollary is similar to that of Corollary [2.11] so we omit
it.

3. EXAMPLE

Consider the the second-order impulsive dynamic equation

1
v + ——1"(0(t) =0, t>1,t#k k=1,2,...,

to?(t)
vk = TRy, A=Ak, k=12, (&)
y() =w, y*1) =y
where v > 3 and u(t) < Kt, and K is a positive constant. Since ar = a} = %

by =0 =1, p(t) = ﬁ, tr =k and p(y) = y7. it is easy to see that (H1)-(H3)
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hold. Let kg = 1, a = 3, hence

(P(alt) _ (k+ 1)«/ _ (tk+1 )'y > (tk-‘rl )3
by, k te Tt

/Oo tp(t) At = /OO t3ﬁAt = /Oo(ozt))zAt.

Since u(t) < Kt, we get

t t 1

o) " t+pl) - 14K

/OO(L)QAt > ¥/OOAt—oo

o(t) (14 K)? -

By Corollary we obtain that is oscillatory. But by [3] we know that the
dynamic equation y>2(t) + ﬁy'y(a(t)) = 0 is nonoscillatory.

Note that in the above example, the dynamic equation without impulses is
nonoscillatory. However, when some impulses are added, it become oscillatory.
Therefore, this example shows that impulses play an important part in oscillations
of dynamic equations on time scales.

hence
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