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ABSTRACT. In this paper, we establish some new criteria for the oscillation of the second-order

nonlinear neutral dynamic equations with distributed deviating arguments of the form

b
(ro A0l 2 0) "+ [ seanonas=o

on a time scale T, where y(t) := x(t) + p(t)z(7(¢)), v > 1 is a constant, r(¢), p(t) are rd-continuous
functions on T, and f : T xR — R is continuous. The results obtained are illustrated with a number

of examples.
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1. INTRODUCTION

In this paper, we are concerned with the oscillatory behavior of solutions of the

second order nonlinear neutral dynamic equation

_ A b
(11) (ro O™ 520) "+ [ fatoonag =0
on a time scale T, where v > 1 is a constant, and

(1.2) y(t) := x(t) + p(t)x(r(t)), teT.
Throughout this paper, we will assume, without further mention, that the following
conditions hold:

(C1) r: T — (0,00) is a real valued rd-continuous function with r2(¢) > 0, and

p:T —[0,1) is a increasing real valued rd-continuous function;

(C2) 7: T — T is a real valued rd-continuous function such that 7(¢) < ¢, and

limy o 7(t) = 00;
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(C3) 0(t,&) : T x [a,b]y — T is a real valued rd-continuous function such that
0(t,€) is decreasing with respect to &, and 0(t,£) — oo as t — oo, where [a, by =
{teT:a<t<b}

(C4) f(t,u) : T x R — R is a continuous function such that wuf(¢,u) > 0 for all

u # 0 and there exists a positive rd-continuous function ¢(t) defined on T such that
|t w)| = q(t) |u?

We shall also consider the two cases

> At
(1.3) /to eI = 00

and

(1.4) /too %’Et) < 0.

Since we are interested in the oscillatory and asymptotic behavior of solutions near

, where 0 < 3 < 1 is the quotient of odd positive integers.

infinity, we assume that supT = oo, and define the time scale interval [tg, 00)r

by [to,o0)r := [tgp,00) N T. By a solution of (1.1), we mean a nontrivial real-
A"Y_l YA €

Cly([ts, 00)T, R) for t, >ty and satisfies equation (1.1) on [t,, 00)r. Our attention is

valued function z(t) which has the properties y € C!,([t,, 00)r, R) and r }y

restricted to those solutions of (1.1) which exist on the half-line [¢,, co)r and satisfy
sup{|z(t)| : t € [t1,00)7} > 0 for any ¢; € [t,,00)r. A solution z(t) of (1.1) is said
to be oscillatory if it is neither eventually positive nor eventually negative, and it is
called nonoscillatory otherwise. Eq. (1.1) is said to be oscillatory if all its solutions
are oscillatory. The basic concepts and notation from the time scale calculus will be

used (see Bohner and Peterson [9]).

In recent years there has been an increasing interest in studying the oscillation
of solutions of various dynamic equations on time scales, and we refer the reader to
Saker [3], Bohner et al. [8], Hassan [11], Han et al. [14], Sahiner [15], Erbe et al. [17],
Chen [19], Agarwal et al. [20], Sun et al. [22] and the references contained therein.

Regarding neutral dynamic equations, Saker [1] considered the second-order quasi-

linear neutral functional dynamic equation

(15) (v(0) (I + rOu o)) ) + (60 =0

and established several sufficient conditions for oscillation of (1.5) for the case 7 is a

ratio of odd positive integers and when (1.3) or (1.4) holds.
Motivated by work of Saker [1], Candan [4] studied the oscillatory behavior of

the equation

1o (v (o + plowtren)®) )+ [ " w0, = 0

for the case 7 is a ratio of odd positive integers and when (1.3) is satisfied.
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Very recently, Thandapani and Piramanantham [5] considered the second order

nonlinear neutral delay dynamic equation

(1.7) (r(0) (1wt + plywe = 701°) ")+ttt —5) = 0

and presented some criteria for the oscillation of solutions of equation (1.7) under the

assumptions (1.3) and (1.4).

Additional oscillation results for second and higher order neutral dynamic equa-
tions can be found in Saker and O’Regan [2], Thandapani and Piramanantham [6],
Li and Thandapani [7], Grace et al. [12], Zhang and Wang [13], Erbe et al. [16], Chen
[18], Yang and Xu [21], and the references therein.

Motivated by these papers, here we wish to determine oscillation criteria for
the second-order nonlinear dynamic equation (1.1). Our results when (1.3) holds are
sufficient for oscillation of all solutions of (1.1) and when (1.4) holds our results ensure
that all solutions either oscillate or converge to zero. Some examples are considered

to illustrate the main results.

2. SOME LEMMAS

In this section, we give two lemmas and an theorem, which will play an important

role in the proof of our main results. Throughout this paper, we let

p+(t) == max{p(t),0}, ¢_(f) :=max{—p(t),0},
and

3(t) = 0(t,0),  Q(t) = (b—a)q(t)(1 — p(8(t,a)))”.

Theorem 2.1 (Mean Value Theorem on time scale, see [10], [23]). If f is a continuous
function on |a,b] and is A-differentiable on |a,b), then there exist £&,n € |a,b) such
that

FEm)(b—a) < f(b) = fa) < fAE)(b — a).

Lemma 2.2. Assume that conditions (C1)-(C4) and (1.3) are satisfied, and let x(t)
be an eventually positive solution of (1.1). Then there exists a t; € [ty,00)r such that
(2.1)

u(t) > 0.52(0) > 0250 <0, (s PO w2 1) <0, fort € [t.00)s.

Proof. Since x(t) is an eventually positive solution of (1.1), then there exists a t; €
[to, 00)r such that x(t) > 0, x(7(¢)) > 0 and z(0(¢,£)) > 0 for all t € [t;,00)r and
¢ € [a,blp. Thus, by (1.2), we have y(t) > x(¢t) > 0 for all ¢ > ¢;. In view of (1.1)
and (C4), we find

22 (0O o) + [aooeose<o oz

a
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which implies that 7(t) |y*(t) P_l y2(t) is decreasing on [t;, 00)r and is eventually of
one sign. Hence, () is eventually of one sign, i.e., y*(¢) is either eventually positive

or eventually negative. We claim that
(2.3) y2(t) >0 fort € [t,00)r.

Assume not, there exists a t € [t,00)r such that y2(ty) < 0. From this and the
decreasing nature of r(t) ‘yA(t)P_l y2(t), there is a t3 > t, such that

r(t) ‘yA(t)P_l y>(t) < r(ts) ‘yA(t?,)P_l y2(ts) == c <0 fort >t

and so
1

v <=9 g

for t > t3.

This implies by (1.3) that

y(t) < y(ts) — (—c)l/v/ rlﬁis) — —o00 ast — 00,

t3

which contradicts the fact that y(t) > 0 for all £ > ¢;. Hence, (2.3) holds. Now, (2.2)
and (2.3) imply

2.4) (0 (A0)) + [ ata(6.)8¢ <0 for =11

a

Thus, 7(t)(y>)(t) is decreasing on [t;,00)r. Now, we want to show that
(2.5) Y2 () <0 fort >t.
Assume the contrary, that is,
(2.6) Y22 () >0 fort >t
Then, y»(¢) is nondecreasing and
(2.7) y2 (1) <y(o(t) fort>t
which implies by (C1) and (2.3) that
(2.8) r(e(t)(y> (1) < r(a())(y> (e (1)
Since r2(¢) > 0, we have r(¢) < r(o(t)). This and (2.8) give
r)(y> (1) < r(e®)y> () < r(a(®)(y> ()

or

r(®) (1) <r(e®)y (o)),
which contradicts the fact that r(¢)(y*(t))” is decreasing on [t;,00)r , hence (2.5)
holds. The proof is complete. O
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Lemma 2.3. Suppose that the following conditions are satisfied:
(i) u € C%(I,R) where [ = [T,00)r C T for some T > 0;
(ii) u(t) > 0,u(t) > 0,u>(t) <0 fort > T.

Then, for each 0 < k < 1, there is a T, > T such that

(2.9) u(0(t)) > ku(t) fort > 1T

where §,(t) = min {¢,6(t)}.

Proof. We consider the two following case: (i) 6(t) < t; (ii) o(t) > t.

Case (i). Let 0(t) < t. When 6(t) = ¢, (2.9) holds. Then, it suffices to consider
only those ¢ for which §(¢) < t. Let T' < §(t) < t. Then, for each ¢ > T, there exists
a & € [0(t),t) such that

u(t) —u(d(t)) < u (&)t — (1)) < u(3(1))(t - 8(t))

by the Mean Value Theorem on time scales and the monotone properties of u*. Since
u(t) > 0, we have

(2.10)

(t—09(t)) fort>d(t)>T.
Similarly, we have, for some & € [T, 6(t)),

u(d(t)) = u(T) = u(&)(0(t) = T) > u(8(t))(5(t) = T)
which gives

(2.11) uOlt) o sy

Let k € (0,1). Then for t > T/(1 —k) =T, > T we have t — T > kt and 6(t) — T >
ko(t). Now, (2.11) implies

u(4(t))
(2.12) ) 2 H) fort 2T

From (2.10) and (2.12), we obtain

u(t)
(6(2))

<14

<

= for t > 0(t) > T), > T,

which is (2.9).
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Case (ii). Let 6(t) > t. Since u®(t) > 0, we have

w(0(t)) > u(t) > ku(t) = ku(t)é*t(t), for t > Tj

which is (2.9). This completes the proof of Lemma 2.3. O

3. MAIN RESULTS

To prove our main results we will make use of the following form of the chain
rule on time scales. It is a simple consequence of the well-known Keller’s chain rule
(see Bohner and Peterson [9, Theorem 1.90)):

(3.1) (27(1)> = 42 (1) /0 (1 — h)x(t) + ha ()] " dh.

Theorem 3.1. Let (1.3) holds. Suppose also that there exist positive rd-continuous
A-differentiable functions «(t) and ¢(t) such that for all constants L > 0 and a
positive number M

K s)1” s)C?(s
(3.2) limsup/t (a(s)¢(s)@(s) {l{:é*( )] — 45¢K( JC(s) ) As = 00,

t—o00 s (s)a(s) MO~V

where 6,(s) is as in Lemma 2.3,

(a2(s)).,

e K= Lol ) (o(s)

C(s) = (62(s)), + 0(s)
Then, equation (1.1) is oscillatory on [ty, 00)T.

Proof. Suppose to the contrary that x is a nonoscillatory solution of equation (1.1).
Without loss of generality, we may assume that = is an eventually positive solution
of equation (1.1). Then there exists t; € [to, 00)r such that z(¢) > 0,z(7(¢)) > 0 and
x(6(t,€)) > 0 for all t € [t;,00)r and £ € [a,b]r. Following the same lines as in the
proof of Lemma 2.2, we conclude that (2.4) is satisfied. On the other hand, by (1.2)
and (2.1), we obtain

z(t) = y(t) — p(t)x(r(t)) = y(t) — p()y(r(t)) = (1 = p(t))y(t),
which implies that
(3:3)  27(0(t,€) > (1= p(8(t,6)°y (0(1,€)), fort >t >, &€ [a,br.

Multiplying both sides of (3.3) by ¢(t) and integrating from a to b, we find

(3.4) / a(t)2”(0(t, §) A Z/ q(t)(1 = p(0(t, €)))"y’(0(t, §) AL

Substituting (3.4) into (2.4) gives
b

(35)  (r(®) (yA(t))V)AﬂL/ q(t)(1 = p(0(1,€))) "y (0(t, ))AE <0 for t > t,.

a
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Further, by (3.1) we have

(") = B0 / (1 Ryy(t) + hy? ()" dh
(3.6) > By (1) yR(t) > 0.
Using (C1), (C3) and (3.6) in (3.5), we obtain
(r(8) (y>())")" + (b — a)a(t)(1 — p(O(t, )’y (B(t,b)) < 0, for t >,

or

(3.7) (r(®) (B> ))) " + Q)Y (5(£)) <0, for t > t,.

Now define the function
t
(3.8) w(t) = a(t) —————

Then w(t) > 0 and

(39) <-

Using (3.6) in (3.9) , we get

~ Ba(®) (r() (B* )7 (r(®) A o )*
A8y () (o (1)) |

By using the fact that r(¢) (y*(¢))” is decreasing and y®(t) > 0, the latter inequality

yields

a 8 a?(t
WA ) < (t)Q?EZ)é) 6w , 20,
ﬁa(t) ( (1+7) /“/ (yA t))“/-l-l) B-1
rl/w)yz o(1))
__at)Q(t)y L ef®),
yﬁ(t) a?(t)
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B Ba(t)r0 (o () (y2 (o (t)) )2’7
rt )y (o (t))(y (e(®)""
Thus, from (3.8), (3.10) and Lemma 2.3, we obtain

A . 5*(t) ’ (aA(t))
w=(t) < —a(t)Q(t) [k : } + a“(t)

alB)rA=N/ a(+))P1
/61 ( ) 5 ( (t)i (y (t))’y_l w2(a(t)).
M(t)a?(a(t)) (y>(o (1))

Since r(t) (y*(¢))” is positive and decreasing on [t;, 00)r, there exists a ty € [t;, 00)7
such that r(t) (y2(t))" < - for some positive constant M and for ¢ € [t5, 00). Hence,

(3.10)

+,wa(t)

(3.11)

we have

1 (=1/v
(3.12) P > (Mr(o(t))) :

From (2.1), one has

y(t) = y(t1) +/t y2(s)As < y(ty) +y>(t)(t — 1) < c+dt,

where ¢ = y(t,)—t,y>(t1) and d = y>(t1). By putting L = |c|-+d and t, > max {t;, 1},
we find that
y(t) < Lt for all t > to,

which gives
(3.13) ()" = (Lo()" .
Using (3.12) and (3.13) in (3.11), we obtain

B
w0 < ~aQ() 1210+ wr (1)

 paM T (Lo)*
) )

Multiplying (3.14) by ¢(s) and integration from ¢ to ¢, we conclude that

/ ' a(5)6(5)Q(s) s As - / () (5)As + / t ¢(3)%w”(S)AS

(“/ 1)/~
(3.15) / 6(s w?(o(s)) As.

Using integration by parts, we obtain

_/t¢(s)wA(S)As = —¢(s)w(s |§2 —|—/t P™(s)w (s)A

< ot)wlts) + / (68()), w”(s)As.

(3.14)
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This and (3.15) lead to
[ o) [k5*<s>rAs

to S

< dlt2)ults) + / (63(5)) , + bls) it

t s (v=1)/~
- [ o e as

t K(s)C?(s
— oot + [ I

t ﬁa(s)M(wﬂ)/v . K(S)
- \/¢<S> O \/ 1Bl | A
Hence,

t $)17 $)O?%(s
/tg <a<s>¢<s>c2<s> [,f_()] . ¢(SK< )C*(5) )Ass¢<t2>w<t2><+oo,

s )60[(8)M(“/*1)/W

which contradicts assumption (3.2). Therefore, Equation (1.1) is oscillatory. O

Let Do = {(t,s) e TxT:t>s>tytand D ={(t,s) e TxT:t>s>1t}. We
say that a function H € C,4(D,R) belongs to a class P if it satisfies the following

conditions:
(i) H(t,t) =0,t > ty, H(t,s) > 0 on Dy;
(ii) H has a nonpositive continuous A-partial derivative H>:(t,s) on Dy with

respect to the second variable.

Theorem 3.2. Assume that (1.3) holds. Suppose further that there exist functions
a(t) € CLi([to, 00)r, (0,00)) and H, h € Crq(D,R) such that H belongs to the class P,
at(s) _ h(t,s)

(3.16) —HA(t,s) — H(t,s) () = o (s)

H'2(t,s),

and, for all constants L > 0 and a positive number M, we have
(3.17)

, 1 ! 5.(s)1” K(s) (h_(t,s))?
hltriigp Ht 1) /to [H(t, s)a(s)Q(s) {k S } - 4Ba(s) M 02(o(s))

where 0,(s), Q(s) and K(s) are as in Theorem 3.1. Then, equation (1.1) is oscillatory.

As = o0,

Proof. Suppose to the contrary that x is a nonoscillatory solution of equation (1.1).
Without loss of generality, we may assume that x is an eventually positive solution
of equation (1.1). Then there exists t; € [ty,00)r such that z(t) > 0,z(7r(t)) > 0
and z(0(t,€)) > 0 for all t € [t;,00)r and & € [a,b]r. Define the function w(t) by
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(3.8). Let a®(t) be replaced by (aA(t))+ in (3.14). Proceeding as in the proof of
Theorem 3.1, we have, for t > t5,
(3.18)

B OéA o (v=1)/~ o £s—1
Qo) (11| < —wde) + Sutn - OIS o),

Multiplying both sides of (3.18) by H(t, s) and integrating from ¢, to ¢, we obtain

[ a0 [ ] A< - /Hts As+/ 09

s a‘(s)

(’Y 1)/~
(3.19) / Ht, ) 2SM 26 As,

An integration by parts yields

/Hts $)A = H(t, s)w(s)l;, — /HAts

(3.20) = —H(t, ty)w(ts) —/ HA(t,s)w(s)A
t

Now, in view of (3.16), (3.19) and (3.20), we see that
t s)17°
/t H(t,s)a(s)Q(s) [kM] As < H(t, ty)w(ts)

(s } As-/ 0 M('v 1/~ () As

af 8

Q

+/tz [HA (t,s)+ H(t,s)

t =1/~
= H(t, ta)w(ts) —/t %Hlﬂ(t, s)w? (s As—/ H(t,s) M 2(0(s))As

) K(s)
(v=1)/v
gH(t,tg)w(t2)+L - (ES?H”% s)w® / H(t %uﬂ(a(s)ms

As

t K(s)(h_ , S
= H(t, t2)w(tz) + /t2 4/6a(s)(J\)4((“)Eia2‘)()U($))

als (v=1)/v S
\/ H{(t, 3)%10(0(5)) - agl(s) \/ o (S.Ew)“”” ho(t,s)
/t [H(t, s)a(s)Q(s) {k

2

As,

SO

0.(5)]"  K(s) (h_(t,9))
s 4Ba(s)M V" a2(a(s))

As < H(t, to)w(ts)

or

I Sa(100e) [ O] E(s) (h-(t,5))’
o, [H“’ e 2] -

Taking lim sup as ¢ — oo of both sides yields a contradiction to condition (3.17). This

As S w(tg)

completes the proof of Theorem 3.2. O
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Theorem 3.3. Assume that (1.4) holds. Suppose also that there exist positive rd-
continuous A-differentiable functions «(t) and ¢(t) such that (3.2) holds, and for

every constant d > tg

(3.21) /doo Tl%(s) (/d Q(u)Au) " A5 o0,

where Q(s) is as in Theorem 3.1. Then every solution x(t) of equation (1.1) is either

oscillatory or tends to zero as t — oo.

Proof. Suppose to the contrary that equation (1.1) has a nonoscillatory solution x(t).
Without loss of generality, we may assume that z(t) is an eventually positive solu-
tion of (1.1). Then there exists t; € [ty,00)r such that x(t) > 0,z(7(¢)) > 0 and
x(6(t,€)) > 0 for all t € [t1,00)r and £ € [a,b]r. Proceeding as in the proof of

Theorem 3.1, we obtain
(3:22) (rO O™ v>®) " + Qy’6w) <0, fort > 1,

Then r(t) ‘yA(t)}ﬁ’_lyA(t) is decreasing on [ty 00)r and is eventually of one sign.
Therefore, y*(t) is eventually of one sign, i.e., there are the following cases for the
sign of y2(t):

Case (I). y2(t) is eventually positive;

Case (II). y2(t) is eventually negative.

The proof of Case (I) is similar to that of Theorem 3.1 and hence is omitted.
We next assume that Case (II) holds. In this case, there exists t; > t; such that
y2(t) < 0 for t € [ty,00)r. This and the fact that y(t) > 0 imply

tlim y(t)=n>0.

We assert that n = 0. If not, then y(t) > n > 0,y(7(¢)) > n > 0and y(6(¢,£)) >n >0
for all t € [ty, 00)r and £ € [a, b]r. Now, by (3.22), we have

_ A
(3.23) (r(t) PGk 1yA(t)) +QM)n° <0 fort >t
Since y2(t) is eventually negative, (3.23) gives, for t > t,,

(3.24) — (r(t) (=2 )))" < —Q(t)".

If we integrate (3.24) from t5 to ¢ to obtain

VA < —’f—/@ ( / t@(s)As) "

and we integrate again from %, to ¢, we have

0 <o)~ [t ([aman) s

to 2
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This implies by (3.21) that y(t) is eventually negative, which contradicts the fact
that y(t) > x(t) > 0 on [t;,00)r. Hence we conclude that lim; ., y(t) = 0. Since
y(t) = x(t) + p(t)x(7(t)), then 0 < z(t) < y(t). This implies that z(t) — 0 as t — oo.
The proof of Theorem 3.3 is complete. O

Theorem 3.4. Assume that (1.4) holds. Let «(t), h(t,s) and H(t,s) be defined
as in Theorem 3.2 such that (3.16) and (3.17) hold. Furthermore, assume that for
every constant d > ty (3.21) holds. Then every solution of equation (1.1) is either
oscillatory or tends to zero as t — o0.

Proof. The proof is similar to that of the proof of Theorem 3.3 and therefore is
omitted. 0

Example 3.5. Consider the nonlinear neutral dynamic equation
(3.25)

(t* — 3t +3) ((x(t)+ (1—%) x(t—l))A>3 A+/01 (%)ﬁxﬁ(t_gmg:o,

for t € [1,00)r, where v = 3, 0 < 8 < 1 is the quotient of odd positive integers,
rt) =t =3t+3, pt) =1—-1,00t & =t—& d(t)=t—1,0.(t) =t — 1, aft) = 1,

¢(t) =1 and ¢(t) = (%)6 Now,

© At [ At © At
/to Tl/”(t)_/to (t3—3t+3)1/3>/t0 (t3 + 3)/3
>/”L>/”L
T B3+ 2)Y2 T Sy 218 (23)3
A

' t 5.(s)1° K(s)C?%(s
imowp | <“<s)¢(s>@<8) - 4¢<s>ﬁlism§3w) >

_ limsup /t:(b — ) <%2)6 (1 p(s — a))’ lks - brAs

t—o00 S

brs?\? s—1 s—11°
=i =) (11— Ak A
lilii})lp/t()(k) ( § ) |: S :| ’

t
= limsup/ (s — 1)’ As = oo0.

t—o0 to

and

Therefore, by Theorem 3.1, equation (3.25) is oscillatory.
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Example 3.6. Consider the dynamic equation
(3.26)

(t (x(t) + t%x(t — 1)) A) ’ + /12 V3t (1 + w) 253t — £)AE = 0,

for t € [1,00)r, where v = 1, § = 1/5, r(t) = t, p(t) = 9, 0(t,€) = 3t — &,
S(t) =3t —2,6.(t) = t, a(t) = t, p(t) = 1 and q(t) = ( 5(La(t) >4/"). Let

k= 4%. Now,
<At At
/to i) / T
and

' t 5.(s)1° K(s)C?(s
i sup / (“<s)¢(s>@<8) [k : )} } 4¢<s>ﬁiis>%/v) >

_ limsup /t: (s% (1 + w) (1= p(3s — 1))/5(2 )15 — W) As

t—oo 45 4
VAN L 45N 1 I 4/5
= limsup/ (s—\/% (1 + M) (_)1/5 _ M) As
t—o00 to 4 S 35 4
b1 L 4/5 t
zlimsup/ —(s+5(L0—(8))4/5) _M Aszlimsup/ EAs:oo
t—oo to 4 4 t—o0 to 4

Therefore, by Theorem 3.1, equation (3.26) is oscillatory.

Example 3.7. Consider the equation
(3.27)

A A 2
<t2 (x(t)+;—;x(t—1)) ) +/1 (t+3)12 (t+o(t) x 1/3(t+€)A§—0 t€[1,00),

where v = 1, 8 = 1/3, r(t) = 3, p(t) = =5, 0(t,¢) = t+ LO(t) =t+ 3, 6.(t) =1,
aft)=1, () =1and q(t) = (t +3)3(t +o(t)). Let k = 1/3. Now,

[a A
to Tl/ﬂy(t) - to t2

and
s [ <a<s>¢<s>@<s> [CI el /) As
:n?isogp/t:<s+3)l/3(s+a <s+3)1/3y1§
:hrfls;lp/t: (s+oa(s ))As_hﬂi‘jp/ (s%)° A

= limsup s [} = hmsup(t —12) = o0.

t—o0 —00
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Thus, (1.4) and (3.2) hold. Moreover, for every constant d > to, we can find 0 < A < 1
and t4 > d such that t —d > At for t € [ta, 00). Now, we get

| (/Q AU)WAS

= [ [ 3 o) (= placs 1) s

:L 2 ] W8V o) (1 ) Auls
:/ooi 5( +3)'3 (u+ o(v)) ﬁAuAs

/ V3(s* — &) / V3(s —d )(s+d)A

ZQJHA/‘ “As = oo

ta

which implies that (3.21) holds. Hence Eq. (3.27) is oscillatory by Theorem 3.3.
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