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OSCILLATION THEOREMS OF SECOND ORDER NONLINEAR
DELAY DYNAMIC EQUATIONS ON TIME SCALES

H. A. AGWA, AHMED M. M. KHODIER, HEBA A. HASSAN

ABSTRACT. In this paper, we study the oscillation of solutions of the second
order delay dynamic equation

(r(®)g(z(t),z2(1)))* + p(t) f(x(7(t))) = 0,
on a time scale T. Oscillation behavior of this equation is not studied before.
Several new oscillation criteria are established for such a dynamic differential
equations under quite general assumptions. Some examples are also given to
illustrate our main results. These examples are not discussed before.

1. INTRODUCTION

In this paper, we discuss the oscillation of second-order nonlinear delay dynamic
equation

(r(t)g(a(t), () +p(6) f((7(8)) =0, t € T, t > to, (1)
subject to the hypotheses

(H1) T is a time scale which is unbounded above and ¢y € T with ¢y > 0. The time
scale interval [to, co0)T is defined by [tg, 00)r = [to,00) () T.
(H2) r(t) and p(t) are positive right dense continuous functions on T such that
[ At
= = 2
5= @
to

or,
o0

/£<oo. ()

J 70

(H3) f € CR,R), zf(z) > 0 for all x # 0 and there exists a positive constant L
such that %x) > L.
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(Hy) g € CYHR?%R), vg(u,v) > 0 for all v # 0 and there exist positive constants

K1, Ky such that

g(u, v)
v

(H5) 7: T — T is a strictly increasing and differentiable function such that

K <

< K.

< i =
T(t) < t, tl_lg)lo 7(t) = 0.

By a solution of (1), we mean a nontrivial real valued function x satisfies (1) for
t € T. A solution x of (1) is called oscillatory if it is neither eventually positive
nor eventually negative. Otherwise, it is called nonoscillatory. Eq. (1) is said to be
oscillatory if all of its solutions are oscillatory. In this work, we study the solutions
of (1) which are not identically vanishing eventually.

Recent attention has been given to dynamic equations on time scales. We refer
the reader to Hilger [14] for a comprehensive treatment of the subject. Several au-
thors have expounded on various aspects of this new theory (see Agarwal et al. [1]
and the references cited therein). The book by Bohner and Peterson [6] summarizes
and organizes much of time scale calculus. We refer also to Bohner and Peterson
[7] for advances in dynamic equations on time scales.

In recent years, many results have been obtained on the oscillation and nonoscil-
lation of dynamic equations on time scales (see for example the papers [2, 3, 4],
[8, 9], [11, 12, 13], [15] and [17, 18]).

In this work, we give some new oscillation criteria of Eq. (1) by using the gener-
alized Riccati transformation. Our results not only unify the oscillation of second
order nonlinear delay differential and difference equations but also can be applied
on different types of time scales.

This paper is organized as follows: In section 2, we present some preliminaries
on time scales. In section 3, we give basic Lammas. In section 4, we establish some
new sufficient conditions for oscillation of (1). Finally, in section 5, we present some
examples to illustrate our results.

2. SOME PRELIMINARIES ON TIME SCALES

A time scale T is an arbitrary nonempty closed subset of the real numbers R.

On any time scale T, we define the forward and backward jump operators by
o(t) =inf{s € T,s >t} and p(t) = sup{s € T, s < t}.

A point t € T, t > infT is said to be left-dense if p(t) = t, right-dense if ¢ < supT
and o(t) = t, left-scattered if p(t) < t, and right-scattered if o(¢) > ¢. The graininess
function u for a time scale T is defined by u(t) = o(t) —t. The set T* is derived
from the time scale T as follows:
If T has a left-scattered maximum m, then T¥ = T — m. Otherwise, TF = T.
A function f : T — R is called rd-continuous provided that it is continuous at
right-dense points of T and its left-sided limits exist (finite) at left-dense points of
T. The set of rd-continuous functions is denoted by C,4(T,R). By C!,(T,R), we
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mean the set of functions whose delta derivative belong to Cyq(T, R).
For a function f : T — R (the range R of f may be actually replaced by any Banach
space), the delta derivative f2 is defined by

R =

provided f is continuous at t and t is right-scattered. If t is not right-scattered,
then the derivative is defined by

RO (CI0) Y (OB GRS (6
s—tt t—s s—tt t—s
provided this limit exists.
A function f : [a,b] — R is said to be differentiable if its derivative exists. The
derivative 2 and the shift f7 of a function f are related by the equation

f7 = flo(t) = f(t) + () f2(1).
The derivative rules of the product fg and the quotient f/g (where gg° # 0 ) of
two differentiable functions f and g are given by
(f.9)2(t) = fA[)g(t) + f7(1)g>(t) = f(£)g™ (t) + f2(£)g” (t)

A9 —fgA(t
(g)A(t) _ ( )Z((t))gﬂ((t))g ( )'

An integration by parts formula reads
b

fb Ft)g® WAL = [f(t)g(t)]e — [ F2(t)g” (1) At

or,

b
J gt At = [f(t)g®)] — [ f2()g(H)At
and the infinite integral is defined by

t—o0

7f(s)As= lim /tf(s)As.
b b

Throughout this paper, we use
¢
R s
d_(t) := max{0,—d(t)} and «(t) := m where R(t) = k:r(t)to TA(S), for k > 0,

t > to.

3. BASIC LEMMAS

In this section, we present some lemmas that we need in the proofs of our results
in section 4.
Lemma 1 (Hardy et al. [[12], Theorem 41]). If A and B are nonnegative real
numbers, then

AMBAML - A< (A =1)B*, A > 1,
where the equality holds if and only if A = B.

Lemma 2 If (H;)-(Hs), (2) hold and (1) has a positive solution x on [tg, 00), then
(r(t)g(x,z2))> < 0, z2(t) > 0, and z(t) > a(t)z(o(t)) for t € [tg, c0)r.

Proof. Since x is a positive solution of (1) on [tg, c0), then we have
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(r(t)g(z(t), 22 (1)) = —p(t) f(x(7(t))) <0, for t € [to,00)r.

Therefore r(t)g(z(t), v (t)) is strictly decreasing on [to, 00)r. We claim that 2 (t) >
0 on [tg,00)r. If not, then there is ¢ > t; such that

r(t)g(z(t), z2(t)) < r(tr)g(a(tr), 2 (t1)) = ¢1 < 0.
Then,

gla(t),a>(1)) < 5.
Using (Hy), we get

Kiz2(t) < g(z(t), 22(t)) < 7y K1 > 0.
Hence,

T2 (t) < = r(lt) .

Integrating from ¢; to ¢, we get

t
a(t) <x(t) + & [ TA(:) — —00 as t — 00,
ty

which implies that x(t) is eventually negative. This is a contradiction. Hence
x2(t) > 0 on [tg,00)r. Therefore,

2(t) > a(t) — o(ty) = /xA(S)As

> [ fotals). s (5)As

L [r(s)gla(s),a2(s))
>I(2t/ 7"(5) AS,K2>O.

Using the fact that r(¢)g(x(t),z>(t)) is strictly decreasing, we get

r(®)g(e(t), 23(1) | As
Ky /r(s)

x(t) >

t1

where R(t) = kr(t) [ 25
And so,
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R(t)

28 = = R tam = (t) on [to, 00)r.

z7(t) T z(t)+u)z(

D~ R

4. MAIN RESULTS

Theorem 1 Assume that (Hp)-(Hs), (2) and Lemma 2 hold, and let 7 €
C*,(Ito, 00)1, T), 7([to, 00)T) = [to,00)T. If there exists a positive A -differentiable
function 0(¢) such that

¢

r\T\(S A S 2
imsup [1La(r(s)p(s)0° () 1A = o0

to

(4)

where L, K > 0, then every solution of Eq. (1) is oscillatory on [tg, o0)T.

Proof. Assume that Eq. (1) has a nonoscillatory solution on [tg,c0)r. Also,
assume that z(t) > 0,z(r(t)) > 0 for all t € [t1,00)r, t1 € [to,00)r and there is
T € [to,00)r such that x(t) satisfies the conclusion of Lemma 2 on [T, c0)r. Con-
sider the generalized Riccati substitution

r A
w(t) = 5(t) (t)g(;z(:()t)x) )

Using the delta derivative rules of the product and quotient of two functions, we
have

W) ) (00((1), 2 (1) — (1) (Dg(a(t). 2 (1))
= ) v 0 ((r D)2 (7 ) )
58(1) o ) )
=5 OO ey e )
Using the fact @) > I, and ;f,((tt)) > aft), we have
w0 < S0 1 5o Iptatrv) - SEDT 0 )
<50 502" ((0))
Since (r(t)g(z,z?))® < 0, then by integrating from 7(¢) to ¢t and using the defini-

tion of w(t) we get,

A z(7(t)) _
x=(7(t)) > K(S(t)r(T(t))w(t)’ K= o (6)
Now, from (6) in (5) we have
02(t) 0% (H)a(r ()72 (t)
A < 2\ _ o _ 2 ]
wh(0) < S wlt) = Lp®a(re (o) - K= GuEBute. (0
If A>0and B > 0 are defined by:
A— (K5°(t)a(f(t))TAl(t))%w(t) and B — () (r(r (1)) 1
6(t)(r((t)))2 2(K67 (t)a(r(t) T4 ()2
then by using Lemma 1 for A = 2, we get
32(t) 37 (a(r(t)TA() 5 r(r()(02(1)?

50 "D E ey Y VS Wemetra)rn O
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Hence, from (7) and (8), we get

SN () [l ()
W (0) < ~Lp(0lr ()87 (1) + e xg )

Integrating the above inequality from ¢y to ¢, we obtain

t

Jatrenpen ) - i T < wit) - w(t) < wi)

to

Taking the limit supremum as t — oo, we obtain a contradiction to condition (4).
Therefore, every solution of Eq. (1) is oscillatory on [tg, 00)t.

Theorem 2 Assume that (H;)-(Hs), (2) and Lemma 2 hold, and let 7 € C},([to, 0o)T, T),
7([to, 00)T) = [to,00)T. If there exist functions H, h € Cp4(D,R) (where D = {(t, s) :

t > s > 1tg}) such that

H(t,t) =0, t > to, H(t,s) >0, t > s >tg (10)

and H has a nonpositive continuous A- partial derivative with respect to the second
variable H?:(t,s) which satisfies

SA(t) h(t, s)

2 (o(1).9) + H(o(0).0(9) ) = =S (Ho.0()F ()
and
) o(t)
li?igpﬂ_(a(twt/ﬁ(t,s)As:oo, (12)

where §(t) is a positive A- differentiable function and

r(7(s _(t,s 2
0(t,s) = LH(0(t), 0(s))a(r(s))p(s)07 (5) — o=l for L, K > 0,

then every solution of Eq. (1) is oscillatory on [tg, 00)T.
Proof. Assume that Eq. (1) has a nonoscillatory solution on [tg,00)r. Also,
assume that z(t) > 0, z(7(t)) > 0 for all t € [t1,00)1, t1 € [to,00)T and there is

T € [to,00)r such that x(t) satisfies the conclusion of lemma 2 on [T, 00)p. We
proceed as in the proof of Theorem 1 to obtain (7).

Lp(t)a(7())8 (t) < —w™(t) +
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Multiplying (13) by H(o(t),o(s)) and integrating with respect to s from tg to o(t),
we obtain

o(t)
/ LH(a(t),0(s))0% (s)p(s) (7 (s))As

a(t) o(t) A
< — [ H(o®),o(s))w™(s)As + / H(o(t),a(s))a(s(s)w(s)As
o(t)
— [ KH(o(®) U(s))60(8)a(7(8))7A(8)w2(s)As
’ 6%(s)r(7(s))

Integrating by parts and using (10) and (11), we have

o(t)

/ LH(a(t),0(s))d7 (s)p(s)a(7(s))As <

0 a(t)h (t ) 56()(()) A()
H(a(t), to)w(to) + /[ ;(87)5 (H(o(t),0(s)))2w(s) — KH(o(t),o(s)) 22?3):0(8}(;)) 8) 2

If A>0and B > 0 are defined by:

L 1
A= (H(c(t),o(s 3 (K7 ()alr (DT D2 4y (6) apd B = — =N 7
(Ho(E),o(s)) 6(s)(r(r(s)))2 (s) 2(K 87 (s)au(r(s))T2(s)) 2

then by using Lemma 1 for A = 2, we obtain

h_(t,s) (H(o(t), U(s)))%w(s)—KH(a(t), o(s)) 87 (s)a(r ()T (s) w?(s) < r(7(s))(h—(t,5))*

o(s) 02(s)r(r(s)) 4K06° (s)a(T(s))72(s) "
Therefore,
a(t) o(®) r(r(s))(h—(t,5))?
t{ LH(o(t),0(5))d%(s)p(s)a(T(s))As < H(o(t), to)w(te)+ t{ TRS7(3)a( ()75 () A5+

By the definition of 8(t, s), we get

o(t)
J 6(t,s)As < H(o(t), to)w(to).

Hence.

o(t)
A ) Ot 9)As < wlto).

Which contradicts the assumption (12). This contradiction completes the proof.
Corollary 1 Assume that (H;)-(Hs), (2) and Lemma 2 hold, and let 7 € C},([to, c0)T, T),
7([to, 00)T) = [to, 00)T. If there exists a positive A -differentiable function 6(¢) such
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that for m > 1
t

r{7T\s A S 2
imsup o (¢~ 9" Lalr( ()37 () - A DI As —oc, (1)

to

where L, K > 0, then every solution of Eq. (1) is oscillatory on [tg, o0)T.

Proof. Assume that Eq. (1) has a nonoscillatory solution on [tg,c0)r. Also,
assume that z(t) > 0, x(7(t)) > 0 for all t € [t1,00), t1 € [to,00)r and there
is T € [tg,00)r such that z(t) satisfies the conclusion of lemma 1 on [T, 00)r. we
proceed as in the proof of Theorem 1 to obtain (9), i.e.,

o T 54 2
Lp(£)a(r(£)07 () + srimemitsm < —wA(#),
multiplying the above inequality by (¢ — s)™ and integrating from t; to t, we
obtain
t

r(7(s A(s))?
[ izt o) + s

ty

t

< [t — )™w(s)]E, + / (£ — 5)™)D w?(s)As

t1
t

(t—t1)™w(ty) + /((t —5)™)2ew (5)As.

t1

IN

Since ((t — s)™)? < —m(t — o(s))™ ! < 0 for m > 1, then we have

f r(7(8)) (62 (s))2 —t
[ =5 Lpar(s)5” 9+ SIS s < (M) < o0

which contradicts the assumption (14). This contradiction completes the proof.
Theorem 3 Assume that (H;)-(Hs) and Lemma 2 hold. If

lim sup R(r(t)) /p(s)As >1, C>0, (15)

imeo 7(7(t)) )

then every solution of Eq. (1) is oscillatory on [tg, 00)T.

Proof. Assume that Eq. (1) has a nonoscillatory solution on [tg,c0)r. Also,
assume that z(t) > 0, z(7(t)) > 0 for all ¢ € [t1,00)T, t1 € [to,00)T and there is
T € [to,00)T such that z(t) satisfies the conclusion of lemma 2 on [T, 0c0)p. From
(1), we have

—(r()g(x(t), 22 (1) = p(t) f(2(7(t))) > Lp(t)z(r(t)), for L > 0.

Integrating the above inequality from 7(¢) to u and letting u — oo, we get
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?O) Lp(s)z(1(s)As < r(r(1)g(x((8), 22 (7(t))) — limu—soo r(uw)g(w(u), 2 ().
Since r(s)g(x(s), z2(s)) is decreasing and r(s)g(z(s), z*(s)) > 0, then we obtain

(T) Lp(s)z(1(s)As < r(r(1)g(((1)), 22 (7(1))).
Using (Hy), we get

;fo) Lp(s)x(7(s))As < Kor(r(t))z(7(t)).
Since z(t) > R(t)x*(t), then x(7(t)) > R(7(t))x*(7(t)) and consequently

O [ pls)a(r () As < 2(r(1).
Hence,
LR(T LR(T
Kzr((r(tt)))) j;& )AS < Kzr(('r(tt)))) fT(t)p ( (S))AS < .’L’(T(t))

Since z(t) and T(t) are strlctly increasing, then we get

7(T(t)) fP )As < 1, where C' = £,

which contradlcts the assumption (15). This contradiction completes the proof.
Theorem 4 Assume that (H;)-(Hs), (3) hold and 7 € C2,([to, 00)1, T), 7([to, 00)T) =
[to,00)T. Also, assume that there exists a positive A -differentiable function §(t)

such that (4) holds. If
o] 1 t
/to [@ /to p(s)As]At = oo, (16)

then every solution of Eq. (1) is oscillatory or converges to zero on [tg, c0)T.
Proof. We proceed as in Theorem 1, we assume that (1) has a nonoscillatory
solution such that z(¢) > 0, z(7(t)) > 0 for all ¢ € [t1,00)1,t1 € [to,00)r. As in the
proof of Lemma 2, we see that there exist two possible cases for the sign of 2 (t).
When 2 (t) is an eventually positive, the proof is similar to the proof of Theorem
1.
Next, suppose that z2(t) < 0 for t € [t;,00)r. Then z(t) is decreasing and
limy ,oox(t) = b > 0. We assert that b = 0. If not, then z(7(t)) > =(t) >
x(o(t)) > b > 0fort € [t1,00). Since f(x(7(t))) > Lb, then there exists a number
to € [t1,00)r such that f(z(7(t))) > La(7(t)) for t > to.
Defining the function u(t) = 7(t)g(x(t),z*(t)) and using (1), we get:

u(t) = —p(t)f(x(r(1)) < —Lp(t)x(r(t)) < —Lbp(t) for t € [ta, 00)r.
Hence, for ¢ € [t2, 00)T we have

u(t) < ults) — Lb [, p(s)As
Since u(ts) = r(t )(( 2), 28 ( 2)) < 0, then

u(t) < —Lb ftz p(s)As.

Therefore,
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g(a(t),2(1)) < ~Lbfy [y, p(s
Using (Hy), we get

22 (t) < K2 T(t ft s)As, for K3 > 0.
Hence,

t
\/;52 ( AS< ft2 T()ft2

From condition (16) we get x(t) — —o0, and this is a contradiction to the fact that
x(t) > 0fort > ¢;. thus b = 0 and then x(t) — 0 ast — oo. The proof is completed.

5. EXAMPLES

In this section, we give some examples to illustrate our main results. In fact
these examples are not studied before and there is no previous Theorems determine
the oscillatory behavior of such equations.

Example 1 Consider the second order nonlinear delay dynamic equation

z®(t) v 2 _
(tx2(t) + 1)A + ta(T(t))x(T(t))(x (T(t)) + 1) =0forte [tO, OO)T,tO >0, (17)

where v is positive parameter.
This equation has the form (1) with

2 v
r(t) =t g(x(t), 22 (1) = S5y, P) = iy f(@) = 2(2? +1).
Therefore, we take L = K = 1.

Theorem 1 can be applied for this example. In this case, we assume that

§5(t) = 1.
Therefore,

o TA(tt) = [ &t = oo (ie., eq. (2) holds),
and

t

TS A S 2 / 14
fim sup / [Ea(r(s))p(s)0%(s) - 4K6§’(i)2((f s()))T)A(s)]AS - hiﬂi‘ip/ Ghs=oe

Hence by Theorem 1, every solution of (17) is oscillatory.
Example 2 Consider the second order nonlinear delay dynamic equation

cos?(z(t)) A, n A
_— t
Grep ™ Wt e
where A is positive constant.
This equation is of the form (1) with

x(t)(2 + sinx(t)) = Ofort € [tg, 00)T,to > 0, (18)
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52 xT .
r() = 1, gla(t), 22 () = LG A1), p(t) = 3, f(2) = 2(2+sina), 7(t) = .
Therefore, we take L = K = 1.

It is clear that

I ftooo At = oo (i.e., eq. (2) holds) and R(7(t)) = 7(t) — to for k = 1.

to ()

Therefore, we can find 0 < b < 1 such that

_ R(7()) _ T(t)—to T (H)—to br(t)
. A(7(t)) = REm) @) = TR e GOIT@ = )  a(ry oF =1 >
0-

Let §(t) = t. Then by Theorem 1, we have

t

lim sup /[La(T(s))p(s)(V(s)f

t—o0
to

O D) VI S O
TK07(s)or (o)) ragey 20 = (A IHOOP / As = oo,

for A > 4b2 Then by Theorem 1, every solution of (18) is oscillatory if A > 4b2

Example 3 Consider the second order nonlinear delay dynamic equation

L 2OE0)F
I 0)

where v is a positive constant and v > 1 is the quotient of odd positive integers.
Here,

tg(t)x(x% +3)=0fort € [to,0)r, to >0, (19)

2 A E
r(t) = 1177, g(a(t), 22(1) = LBl p(t) = 5. f(z) = o(2*7 +3) and
T(t) =t7.
It is clear that
tzo TA(tt) fooo tlAtw = oo for v > 1 (i.e., eq. (2) holds) and R(7(t)) > 7(t) — to >

nr(t) fork=1,0<n<1.

Let C' = 1. Then by Theorem 3, we have

lim sup w /p(s)As > lim sup L(t)/

tooo  T(7(1)) t—o0 Tl”(t)t

1
As>nv>1forv > —.
so(s) n

Then by Theorem 3 every solution of Eq. (19) is oscillatory if v > %

Remark 1

(1) The important point to note here is that the current work is a generalization
of the recent results which were established in [5].

(2) The results are obtained in the given examples can not be obtained by using
either Theorem 1 in [10] or the results in [16].



EJMAA-2015/3(2) OSCILLATION THEOREMS OF DELAY DYNAMIC EQUATIONS 111

(1
(2]
(3]

(4]

(5]

9
[10]
(11]
(12]
(13]
(14]
[15]
[16]
(17]

18]

REFERENCES

R. P. Agarwal, M. Bohner, D. O’Regan and A. Peterson, Dynamic equations on time scales:
a survey, J. Comput. Appl. Math. Vol. 141, 1-26, 2002.

R. P. Agarwal, M. Bohner and S. H. Saker, Oscillation of second order delay dynamic equa-
tions, Can. Appl. Math. Q. Vol. 13, 1-18, 2005.
R. P. Agarwal, D. O’Regan and S. H. Saker, Philos-type oscillation criteria for second order
for half-linear dynamic equations on time scales, Rocky Mountain J. Math. Vol. 37, 1085-1104,
2007.
H. A. Agwo, A. M. M. Khodier and H. A. Hassan, Oscillation of second-order nonlinear
delay dynamic equations on time scales, International J. of Differential Equations. Vol. 2011,
Article ID 863801, 15 pages, 2011.
H. A. Agwo, A. M. M. Khodier and H. A. Hassan, Oscillation criteria of second order half
linear delay dynamic equations on time scales. Accepted for publication in Acta Mathematicae
Applicatae Sinica, English Series.
M. Bohner and A. Peterson, Dynamic equations on time scales: An introduction with appli-
cations, Birkhduser, Boston, 2001.
M. Bohner and A. Peterson, Advances in dynamic equations on time scales, Birkhauser,
Boston, 2003.
M. Bohner and S. H. Saker, Oscillation of second order nonlinear dynamic equations on time
scales, Rocky Mountain J. Math. Vol. 34, No. 4, 1239-1254, 2004.
L. Erbe, A. Peterson, and S. H. Saker, Oscillation criteria for second order nonlinear dynamic
equations on time scales, J. London Math. Soc. Vol. 67, 701-714, 2003.
L. Erbe, A. Peterson, and S. H. Saker, Oscillation criteria for second order nonlinear delay
dynamic equations, J. Math. Anal. Appl. Vol. 333, 505-522, 2007.
S. R. Grace, R. P. Agarwal, M. Bohner, and D. O’regan, Philos type criteria for second-order
half-linear dynamic equations, J. Math. Ineq. Appl. Vol. 14, No. 1, 211-222, 2011.
G. H. Hardy, J. E. Littlewood, and G. Polya, Inequalities, 2nd ed-Cambridge Univ. Press,
Cambridge, UK, 1988.
T. S.Hassan, Oscillation criteria for half-linear dynamic equations on time scales, J. Math.
Appl. Vol. 345, 167-185, 2008.
S. Hilger, Analysis on measure chains-A unified approach to continuous and discrete calculus,
Results Math. Vol. 18, 18-56, 1990.
Y. Sahiner, Oscillation of second order delay differential equations on time scales, Nonlinear
Anal. TMA. Vol. 63, 1073-1080 ,2005.
S. H. Saker, Oscillation criteria of second-order half-linear dynamic equations on time scales,
J. Comput. Appl. Math. Vol. 177, 375-387, 2005.
S. Sun, Z. Han and C. Zhang, Oscillation of second order delay dynamic equations on time
scales, J. Appl. Math. Comput. Vol. 30, 459-468, 2009.
Q. Zhang, L. Gao, and L. Wang, Oscillation of second order nonlinear delay dynamic equa-
tions on time scales, J. Appl. Math. Comput. Vol. 61, 2342-2348, 2011.

H. A. Acwa

Facurry oF EDUCATION, AIN SHAMS UNIVERSITY, CAIRO, EGYPT

E-mail address: hassanagwa@yahoo.com

AHMED M. M. KHODIER

FacuLty OF EDUCATION, AIN SHAMS UNIVERSITY, CAIRO, EGYPT

E-mail address: khodier55@yahoo. com

HEBA A. HASSAN

FacuLty OoF EDUCATION, AIN SHAMS UNIVERSITY, CAIRO, EGYPT

E-mail address: heba_ali70@yahoo.com



