1528

JOURNAL OF COMPUTERS, VOL. 8, NO. 6, JUNE 2013

Oscillation Criteria for Second Order Nonlinear
Neutral Perturbed Dynamic Equations on Time
Scales

Xiuping Yu
Department of Mathematics and Physics, Hebei Institute of Architecture and Civil Engineering, Zhangjiakou, China
Email: xiuping66@163.com

Hua Du
Information Science and Engineering College, Hebei North University, Zhangjiakou, China
Email: dhhappy88@126.com

Hongyu Yang
Department of Mechanic and Engineering, Zhangjiakou Vocational Technology Institute, Zhangjiakou, China
Email: yanghy88@sina.com

Abstract—To investigate the oscillatory and asymptotic
behavior for a certain class of second order nonlinear
neutral perturbed dynamic equations on time scales. By
employing the time scales theory and some necessary
analytic techniques, and introducing the class of parameter
functions and generalized Riccati transformation, some new
sufficient conditions for oscillation of such dynamic
equations on time scales were established. The results not
only improve and extend some known results in the
literature, but also unify the oscillation of second order
nonlinear neutral perturbed differential equations and
second order nonlinear neutral perturbed difference
equations. In particular, the results are essentially new
under the relaxed conditions for the parameter function.
Some examples are given to illustrate the main results.
Dynamic equations on time scales are widely used in many
fields such as computer, electrical engineering, population
dynamics, and neural network, etc.

Index Terms—oscillation, nonlinear neutral perturbed
dynamic equation, time scales, Riccati transformation.

1. INTRODUCTION

The theory of time scales, which has recently received
a lot of attention, was introduced by Stefan Higher in his
Ph.D. thesis [1] in 1988 in order to unify continuous and
discrete analysis. Not only can this theory of so-called
“dynamic equations” unify the theories of differential
equations and of difference equations, but also it is able
to extend these classical cases “in between”, e.g., to so-
called g-difference equations. Several authors have
expounded on various aspects of this new theory, see the
survey paper by Agarwal [2] and references cited therein.
A book on the subject of time scales by Bohner and
Peterson [3] summarizes and organizes much of the time
scale calculus. A time scales T is an arbitrary nonempty
closed subset of the real numbers R . There are many
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interesting time scales and they give rise to plenty of
applications, the cases when the time scale is equal to
reals or the integers represent the classical theories of
differential and of difference equ-ations. Another useful

time scale a time scale P, |J,5[n(a+b),n(a+b)+a] is

wi-dely used to study population
communities, electric circuit and so on [3].

In recent years, there has been much research activity
concerning the oscillation and nonoscillation of solutions
of some dynamic equations on time scales, and we refer
the reader to the papers [4-17] and references cited
therein. Regarding neutral dynamic equations, Argarwal
et al [6] considered the second order neutral delay
dynamic quation

{a®OI(x®O)+cOXt-) T} + F(t.x(t-6)=0. (1)

where y > 0 is an odd positive integer, 7 and J are positi-

in biological

on constants, a”*(t) >0, and proved that the oscillation
of (1) is equivalent to the oscillation of a first order delay
dynamic inequality. Saker [7] considered (1) wherey >1,
is an odd positive integer, the condition a”(t)>0 is

abolished and established some new sufficient conditions
for oscillation of (1). However the results established in

[6-7] are only valid for the time scales R, N, or hN, q",
whereq" ={t:t=q",keN,q>1}.
Sahiner et al [8] considered the general equation

{a®OIx®O) +cOXEM) T} + FELx(6M)=0. (2)

on a time scale T, wherey >1and r(t) <t, 5(t) <t, and
followed the argument in [6-7] by reducing the oscillation
of (2) to the oscillation of a first order delay dynamic
inequality and established some sufficient conditions for
the oscillation. However one can easily see that the two
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examples presented in [8] to illustrate the main results are
valid only when T= R and cannot be applied when T=N.

Agarwal, O'Regan and Saker [3]considered (2) where y >
1 is an odd positive integer and a*(t) > 0, and established

some new oscillation criteria by employing the Riccati
transformation technique which can be applied on any
time scale T and improved the results in [6, 8].

Bohner and Saker [9] considered perturbed nonlinear
dynadynamic equation

{a®xA)")}* +F(t,x7) =G(t,x7,x"). 3)

on a time scales T . Where y >0 is an odd positive

integer, using Riccati transformation techniques, they
obtained some sufficient conditions for the solution to be
oscillatory or converge to zero.

Following this trend, we shall study the oscillation for
the second-order neutral nonlinear perturbed dynamic
equations of the form

{aOx®) +cOXEM®N')}

. “
+E (L X(6(1) = G, x(6(1)), X7),

and

{aO(x®) —cOXE MmN}

\ ®)
+F (8, X(5(1))) = G(t, X(5(1)), X*).

on an arbitrary time scales T , where y is a quotient of
positive odd integer, «,C is a positive real-valued rd-

continuous function defined on a time scales T and the
following conditions are satisfied:

(H1) 0<c(t) <c, <1, [[7At/(a(t))” =, forallt e T;
(H2) 7,0: T — T satisfies z(t) <t, for all te T, either
o(t)=t or o(t)<t for all suffici-ently large t , and
lim (1) = lim(t) = o

(H3) p,q:T — R are rd-continuous function, such that
gt)—p)>0,forallteT;

(H4) F:TxR—>R and G:TxR* >R are functions
such that uF(t,u)>0and uG(t,u,v) >0, for all ue R—
{0},veR,teT;

(H5) F(t,u)/u” >q(t), and G(t,u,v)/u” < p(t) for all
uveR-{0}, teT.

We note that in all the above results the conditions
0<c(t)<l, y>1and 5(t) <t are required. And some

authors utilized the kernel function (t —s)" or the general
class of functions H(t,s) and obtained some oscillation
criteria, but the condition H* (t,s) <0 is required. In this

paper the study is free of these restrictions and contains
the cases when O0<y<1,6(t)>t,and —1<c(t)<0. In

particular, by utilizing the general class of functions
H(t,s), we shall derive some sufficient conditions for

the solutions of (4) and (5) to be oscillatory or converge
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to zero when the condition H* (t,s) <0 is relaxed. Our

results are different from the existing results for neutral
equations on time scales that were established in [6-11,
13-17]. Also, we give some examples to illustrate the
main results.

Since we are interested in the oscillatory and asympto-
tic behavior of solutions near infinity, we assume that
supT = oo, and define the time scale interval [t,,), by
[t,,), : =[t,,00) T . By a solution of (4), we mean a
nontrivial real-valued function X (t) satisfying (4)
fort >t,. A solution X (t) of (4) is said to be oscillatory if

it is neither eventually positive nor eventually negative,
otherwise it is called nonoscillatory. Equation (4) is said
to be oscillatory if all its solutions are oscillatory. Our
attention is restricted to those solutions of (4) which exist
on some half line[t,,c0) and satisfy sup{| x(t) |:t =t,} >0,
forany t >t .

The paper is organized as follows. In next section, we
present some basic formula and lemma concerning the
calculus on time scales. In Section 3, we will use Riccati
transformation techniques and the general class of
functions H(t,s) and give some sufficient conditions for

the oscillatory behavior of solutions of (4) and (5). In last
section, we give some examples to illustrate our main
results.

Through this paper, we let

d, (t) = max[0,d(1)], Q(t) = (q(t) - p(H)(1-c(5(1)))",

B ~ _ 1 As/a" (s)
d_(t) = max[0,—d ()], p(t’u)'_—ju‘As/a‘”(s) s

and for sufficiently largeT ",

L St =t,
AT = o (T, St <t.

II. SOME PRELIMINARIES ON TIME SCALES

A time scales T is an arbitrary nonempty closed subset
of the real numbers R . In this paper, we only consider
time scales interval of form [t,,©),, onT we define the

forward jump operator o and the graininess x by
o(t)=inf{seT:s>t}and u(t):=o(t)-t.

A pointt € T with o(t) =t is called right-dense, while t
is referred to as being right-scattered if o(t)>t . A
function f : T — R is said to be rd-continuous if it is
continu-ous at each right-dense point and if there exists a
left limit in all left-dense points. The ( A derivative) f* of
f is defined by

, where U(t)=T\{c(t)}.
:?U!(t) G(t) =S
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The derivative and the forward jump operator are
related by the useful formula

fo=f+uf”, wheref?:=1foo.

We will also make use of the following product and
quotient rules for the derivative of the product f g and the

quotient f /g (gg” # 0) of two differentiable functions f
and g :

f)A: el @

(fg)Azng+f”gA,and(— -
g a9

By using the product rule, the derivative of f(t)=

(t—a)" forme Nanda € T can be calculated as
m-1
fA) = 2(o()—a)(t- a)™. (7

For a, be T and a differentiable function f , the
Cauchy integral of f* is defined by
Pfmat=f)-f().

The integration by parts formula follows from (6) and
reads

[ frmgmat=fOgm L -[; f*®g* HAt.
To prove our main results, we will use the formula
X' ())* =y, [hx” +A=h)x]'dhx*(t).  (8)

which is a simple consequence of Keller's chain rule [2].
Also, we need the following lemma [5].

Lemma 1 Assume A and B are nonnegtive constants, A
> 1, then

AAB* — A* <(A1-1)B”.
The reader is referred to [2] for more detailed and
extensive developments in calculus on time scales.
III. MAIN RESULTS

First, we state the oscillation criteria for (4).
Set

y(®) = x(®) +c®x(z (). ©

Theorem 1 Assume that (H1) - (H5) hold, Furthermore,
suppose that there exists a positive A—differentiable
function g(t) such that for all sufficiently large T", and

for all 6(T)>T", we have

limsup ; (A(s.T)g(5)Q(s) -

a(s)(g*(s).)™
(r+1"g’(s)

Then every solution of (4) is oscillatory on [t,,), .

(10)
)AS = 0
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proof Suppose (4) has a nonoscillatory solution X (t).
without loss of generality, there exists some t >t ,

sufficiently large such that x(t) >0, X(z(t)) >0, x(5(t))
>0 for all t >t . Hence In the view of (9), by (H1) we
get y(t) > 0. from (4) and by (H2) - (H5), we have that

a(y*)’)" <=(at) - p®)x (5(t) <0,

and using the same proof of Theorem 1 [4], there exists
t, >t such that for allt > t, , we have

{y(t)>0, yA(t) >0, aan
(a(y*))" <=(q®) - p®)(1-c(51))y (5(1) <0.
By the definition of Q(t), we get
(a(y*))" <=Q)y"(s(1) <0. (12)
Make the generalized Riccati substitution
wit) = gt 20U OF (13)
y'(®

By the product and quotient rules, we have for allt > t,

s gO@OO O 9®) ) R
t)= t 1))
WA (t) v O +(yy(t)j (at)(y* (©))
_ gm0t ®))" (14
y (1)
g' () gy ()’ s
— t t)")’.
<yw 0 YOy Net)(y* (1))
From (12) - (14), we obtain
\ ys) Y . g
t)<—g(t 1) ——= =W (t
w (t) g()Q()[ o j+go(t) (t) -
9w (v )
g’(t) Y@

First consider the case wheno(t) >t. For all large t,

from y*(t) >0, we have

YW
yo o
which implies that
A 9°M® ey IOW O (Y (1)
t) <—g®QM)+=—=w(t) - . (16
w(b) g()Q()+gU(t)W() R (16)

Next consider the case when J(t) <t, for all large t. By
using a(y*) is strictly decreasing on [t,,o0), we can
choose t, >t, such that 5(t)>t, , fort>t, . Then we
obtain
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A \I/r
y(O) - y(S(1)) = J@%As

< (a(6O)(Y* (6 )WJM T ( Y

and hence

yO ., @O EO))” I
y(6() y(6(1) "

Also, fort > t,, we can see that

a” (S) (17)

y(8(1) > y(5(1) - y(t,) = p“)%

sty AS

a’(s)

> (a(SONY* (SO ]

and therefore

(@GO (W) S[Iam As J
Y(@S(®) ©d" ()

From (17) and the above inequality, we have

y(t) <It /,[
y(sy 1/’(S)

therefore we get the desired inequality

yem)
y(@®

Using (19) in (15), when o(t) <t , we get

g*(®
9° ()

s AS )
a'” (5)

(18)

> p(t,t,), for t>t,. (19)

wH(t) <—p" (1,1,)g(OQM) +=——=

_ 9w ®) (y'®)”
g’  y'@®

From (16), (20) and the definition of S(1,t,) , we have

W) < AL + L0
)

_9OwW® (v t)”
9°® Y@

w7 (1)
(20)

w (1)
21

By (8), we obtain

(v (@) = y[lhy” + =Ry} 'dhy* ()
. {y(y“(t))f‘ y'(©,0<y <1,
oty o, oyl

Since ar(y")" is strictly decreasing on[t,,), we get

y(e” )" (y" )" (y* (©)

7 , 0<y<l,

(v ()" 2 @
y(a” ()7 (Y)Y (y* (1)” 51
y ’ =1

a’(t)
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From the last inequality and (21), if 0 < » <1, we have
L 9’ (t)
w (1) < -A(t.t,)g () + s w () -

yg W’ ()" (y (t)]
a” O )" Ly )’

whereas if > 1, we find that

W () < —A(t,t,)9 D) + gg;
2 TOH ) Y (t)_

" @ Oy

And by using y*(t) > 0, we obtain that

w(t)

w = -AeLI0R + & Dwr
9° () ”
r9(® W (0) 22
—_— W ,
a' (g (1)’
where A = (y +1)/y . Define A> 0 and B > 0 by
A 79w (1) B a"" (gt b)),
a' (g ()" Arg)”
then using Lemma 1, we obtain
0O iy 790y < 2O@ O
9°(t) a" (19" (®)* (y+1"g’ )
From the last inequality and (22), we have
wty < 2@ O gq 4 gm0,

(+D"g’ (1)

Integrating both sides fromt, to t, we get

a(s)(g*(s).)™

t N - e
LA LeEQE - T

<w(t,) - w(t) < wW(t,),

1AS

which leads to a contradiction to (10). This completes the
proof.

Corollary 1 Assume that (H1) - (HS) hold, Furthermore,
suppose that for all sufficiently large T", and foro(T) >

T", we have

a(s)
r+)s
Then every solution of (4) is oscillatory on [t,,), .

Corollary 2 Assume that (H1) - (HS) hold, Furthermore,
suppose that for all sufficiently largeT", and for 6(T) >

limsup; (5/3(5. T )Q(S) - s =

T, we have

limsup J; A(s,T")Q(8)As = 0.
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Then every solution of (4) is oscillatory on [t,,), .

We next study a Philos-type oscillation criteria for (4).
First, Let us introduce the class of functions ‘R which
will be extensively used in the sequel.

Let D={(t,s)e T*:t>s>t} .The function H eC,

(D,R) s said to belong to the class®R by H e R, if

Htt)=0,t>t; Hts)>0,t>s>t, (23)

and H has a continuous A — partial derivative H™ (t,s)

with respect to the second variable.

Theorem 2 Assume that (H1) - (H5) hold. Let g (t) be
as defined in Theorem 1, and H,h e C_(D,R) such that
H R . Furthermore, suppose that there exists a positive
rd-continuous function ¢(t) satisfies

H(t,s)
HLL) <(s), (24)
H 9)-H(ts L) - THEH )
9°(s) (s)
and for all sufficiently large T", we have
imsup— )L, [B(s.THISQAH (L.5)
7 O (26)

_a(s)h.t,sy™
(r+1"g’(s)

Then every solution of (4) is oscillatory on [t,,), .

JAsS =0

Proof Suppose (4) has a nonoscillatory solution x (1),
without loss of generality, say Xx(t)>0, x(z(t))>0,
X(o(t)) >0, for allt >t , for somet, >t . By (H2) - (HS),
proceed as in the proof of Theorem 1, we get that (11)
holds for allt > t, . Again we define w(t) as in the proof of

Theorem 1, then there existst, > t,, sufficiently large such
that for allt® >t,and fort >t", (22) holds and let g*(t),
be replaced by g° (t) in (22), thus

AL)IOAD < w1+ LDy

9°(t)
t
—WL(BA(W" )"
a” (H)(9° (1)
Multiplying both the sides of (27), with t replaced by s,

by H (1, S) and integrating with respect to S fromt” to t,
we obtain

w7 ()
27

JLH(tS)B(5.1,)0(S)Q(s)AS <
HELW s+ [ HE) LS wrs)as

9°(s)
_p 79(s) o rend
Je Rt o0 O (W (8))" As.

Integrating by parts formula and using (23) and (25),
we get
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[ HE9)BE.L)IEQAAS < HLE w(t) +
 hit,s) (H(t.)"” H(E5)g(s) e @
. W’ (S)— w’ AS.
Rk O sy ar (o)W O 1

9°(s)

And applying Lemma 1, we obtain

h (t,s)(H(t,s))” yH(E.9)9(s)

9°(s) a' (s)(97(s))

Lt a(s)

(r+1"g’(s)
From the last inequality and (24), (28), we have

(h(t,9)" a(s)

v (t LA LIEOH ) -~ T s
< (17(t*)W(t*)Jr [y 9(9)B(5,1,)9(5)Q(5)As < o,

(W (s))*

w7 (s)—

which contradicts with (26). The proof is completed
Remark 1 IfH™(t,5) <0holds fort>s >t , then (24)
holds (It is easily proved). But, the converse is not true.
For instance, let H(t,s)=(t—s)" u(s),t=s>t,, where
p#:T—R" is rd-continuously differential function,
m=>1 is an integer. Clearly H € R, and for allt>s >t ,

from (6) and (7), we have

H(t.s) _ (t=5)"u(s)
H(t’to) (t_to)m;u(to)

= (),

H*(t,s) = —mZ; (t=o(s)' (t=9)""" u(s)+(t=0o(s)" 1 (5)
S-mt—o(s)™ u(s)+t—o(s)" 1 (s),

by Remark 3.3 in [7]. Clearly the right side of the second
inequality is not necessarily nonpositive. Therefore
H * (t,s) is not necessarily nonpositive fort > s>t .

In Theorem 2, let g (t) =1 and H(t,s)=(t—35)", we
have the following result.

Corollary 3 Assume that (H1) - (H5) hold, and m>1,

for all sufficiently largeT", we have
lim suptimj:O (t=9)"B(s,T)Q(S)AS =0

Then every solution of (4) is oscillatory on [t,,0), .

Next, we state the oscillation criteria for (5).
Set

z(t) = x(t) —c()x(z(t)).

Theorem 3 Assume that (H1) - (HS) hold, Furthermore,
suppose that there exists a positive A—differentiable func-
tion g(t)such that for all sufficiently large T",

O(T)>T", we have

and for all
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limsup [;[4(s,T*)g(s)(A(s) ~ P(s))

RO (CRONS
+g ()

Then every solution of (5) is either oscillatory on [t,,),

(29)
JAs =0

or tends to zero.

proof Suppose that X is an eventually positive solution
of (5), say x(t) > 0, x(z(t)) >0, x(5(t)) > 0 for allt > t, for
some t >t . We consider only this case, because the

proof for the case that X is eventually negative is similar.
In the view of (5), by (H2) - (HS), and there exists
t, >t such that for allt > t, , we have

(a(z'))" <=(at) - pm)xX' (5(t) <0,  (30)

then a(z") is strictly decreasing on [t,,o). Hence z (t)
and z°(t) are of constant sign eventually. We claim that
X(t) is bounded. If not, there exists {t, } < [t,,©), such
that limt, =oo,lim X(t,) = o0, and
X(t,) = max{x(s):t, <s<tj}.

Since lkim 7(t )=, we can choose a large k such that
7(t,) >1,, and by (H2), we obtain that

X(z(t,)) = max{x(s):t, <s<z(t )}

<max{X(s):t, <s<t } =x(t).
Therefore, for all large k,
2(z(t,)) = X(t,) = ¢, x(z(t,)) = (1-C,)X(t,) ,

and lkim z(t,) =oo. From (H1) and (30), as in the proof of

Theorem 1 [4], there exists t, >t, such that for all t>t,,
we have

z(t)>0,z°(t)>0. (31)
In view of (5), (30) and (31), we get
(a(z*))" <=qM) - p(t)z’ (5(t)) <0. (32)

Now by using the same proof of Theorem 1, we get a
contradiction with (29). Thus x (t) is bounded and hence z
(t) is bounded.

Also, by using (H1) and the same proof of Theorem 1

in [4], there exist t; > t; such that z°(t) >0 on [ty, ).
There are two cases.

Case 1 z(t)>0 and z*(t)>0. As in the proof of
Theorem 1, we get a contradiction with (29).

Case 2 z(t)<0 and z"(t)>0. We claim limx(t)=0.
Assume not, then there exists {t,} c[t,,0) such that
lkimtk =00, lkim X(t,)=b>0 and x(t ) =max{x(s):t, <s
<t }.But, by x(z(t,)) < x(t,), we get

0>z(t)=x(t)1-c,) > b(l-c,) >0, as k—o.
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Which is a contradiction. This completes the proof.
Corollary 4 Assume that (H1) - (HS) hold, Furthermore,

suppose that for all sufficiently large T", and for 5(T) >

T, we have

a(s)

limsup  (5A(6.T)A(8)~ P(S) 7

)JAS =0 .
Then every solution of (5) is either oscillatory on [t,,0),

or tends to zero.
Corollary 5 Assume that (H1) - (HS) hold, Furthermore,

suppose that for all sufficiently largeT", and for 5(T) >

T", we have
limsup ! A(5.T")(A(S) ~ P())AS = co.

Then every solution of (5) is either oscillatory on [t,,),

or tends to zero.
We next study a Philos-type oscillation criteria for (5).
Theorem 4 Assume that (H1) - (H5) hold. Let g (t) be
as defined in Theorem 1, and H, heC_ (D, R) such that

H €N . Furthermore, suppose that there exists a
positive rd-continuous function ¢(t) such that (24), (25)

hold, and for all sufficiently largeT", we have
. 1 t .
thUPH—LJ {B(s,T)a(s)(q(s) - p(s)HH (L, s)
. (t.5,)
a(9)(h.(t,9)"
(y+1"g’(s)

Then every solution of (5) is either oscillatory on [t,,),

(33)
}JAS = 0,

or tends to zero.

Proof Suppose that (5) has a nonoscillatory solution x
(t), without loss of generality, say x(t) >0, x(z(t)) >0,
X(o(t)) >0, for allt >t , for somet, >t . By (H2) - (HS),
we obtain that (30) holds for allt>t , and z(t) and
z*(t) are of constant sign eventually. Similar to the proof
of Theorem 3, we claim that x(t) is bounded. If not, there
exists {t } < [t,,»), for all large k, there existst, >t , such
that (31) and (32) hold fort >t, . Again we define w(t) as
in the proof of Theorem 1, then there existst, >t ,

sufficiently large such that fort” >t and fort>t", we
find

At.t)g1(Q(®) - p®)

4 34
<-wt (t)+—ga(t) W () ——- 7g_(t3 — (W7 (1)), (34
9° () a (1(g° (1)
And similar to the proof of the theorem 3, we obtain
1

H(tt,) [,[A(s,t)g(s)(A(s) — P(s)H (t,s)

(bt )™ a(s)

G+ 6) JAS < (" )w(t™) +
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[ @($)B(5.1,)9(5)(a(s) — P($))AS <,

which contradicts with (33). Thus X (t) is bounded and
hence z (t) is bounded.
Similar to the proof of Theorem in [4], there exists

t, >t  such that z*(t) >0 on[t,,o0) . And then there are

two cases of Theorem 3. As in the proof of Theorem 3, if
the case 1 holds, we get a contradiction with (33) ; if the
case 2 holds, we obtain ltim X(t) =0. This completes the

proof.

In Theorem 4, let g (t) =1 and H(t,s)=(t—95)", we
have the following result.

Corollary 6 Assume that (H1) - (H5) hold, and m>1,

for all sufficiently largeT", we have
. 1 m .
fimsup— , (t=5)" B(5.T")A(s) ~ P(s))As = o

Then every solution of (5) is either oscillatory on [t,,),
or tends to zero.

IV. EXAMPLES

In this section, we give some examples to illustrate our
main results. Define

oL sm=t,
0= (L), 5(t) <t.

Note that [ At/(a(t))"” = oo, implies lim s (f(':; ) _
Example 1 Consider the nonlinear neutral perturbed
dynamic equation

(7 (X)) £ —— X)) )’
t+1
TR X(E®) = G X(E(1), X,

(35)

for t €[1,0), , where y is the quotient of odd positive
integers. Let

k(1+05(t)) +l+uz)ur
267 (&) t ’
k(1+8(t)) u’?

20267 ()ER) (U +V2 +1)°

a)=t", F(,u)=(

c(t)y=—-, G(t,u,v)=

where K is a positive constant. Then
Q) =k/2t" &(1).
Since [ At/(a(t))"” = [ At/t""" =0, hence the condi-
tions (H1) - (H5) are clearly satisfied. And,

a(s)

— = As
(y+1y" 7

limsup ; (5/4(. T )g(5)Q(S) -

_(__

1
2 Gy upL ®,

if k>2/(y+1)" . Also,
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limsup £ (s8(5,T)g(5)A(s) — P(S) ~— 2 )as
(y+1)"s
1 s
-GG

itk >2/(y+1)"
every solution of (35) ; is oscillatory on [1,00), if k >
2/ (r+1)",
solution of (35) _ is either oscillatory on [1,), or tends

to zero if k > 2/(;/4—1)7H

Example 2 Consider the nonlinear neutral perturbed
dynamic equation

. Thus it follows from Corollary 1 that

and it follows from Corollary 4 that every

(t”((x(t) Tt @ O™’
+F(t, x(§(t))) = G(t, X(5()), X*).

(36)

for t €[2,00), , where a(t)=t", y=5/3, c(t) =1/(2+sin’t)
Let

F(t,u)= (%H +ur)u”’,

and
1 u'”’
2UE() (U +V +2)
Then q(t)— p(t) =1/2t&£(t) . The conditions (H1) - (HS5)

are clearly satisfied. For all t > s> 2, let m=2, we have

G(t,u,v) =

limsup— ({(t~)° A(5.T")a(s) - P(SAS

1 .S o1 t-2
=limsup[—|,=AS+ [, —AS ————] = o0.
o= p[tz Jz2 Jz2s t ]

Thus it follows from Corollary 6 that every solution of
(36) is either oscillatory on [2, ), or tends to zero.

IV. CONCLUSIONS

To investigate the oscillatory and asymptotic behavior
for a certain class of second order nonlinear neutral
perturbed dynamic equations on time scales. This paper
proposed some new sufficient conditions for oscillation
of such dynamic equations on time scales were
established. The results not only improve and extend
some known results in the literature, but also unify the
oscillation of second order nonlinear neutral perturbed
differential equations and second order nonlinear neutral
perturbed difference equations. In particular, the results
are essentially new under the relaxed conditions for the
parameter function.
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