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Using functions in some function classes and a generalized Riccati technique, we establish interval
oscillation criteria for second-order nonlinear dynamic equations on time scales of the form

(p(t)(p(x(t))xA(t))A + f(t,x(c(t))) = 0. The obtained interval oscillation criteria can be applied
to equations with a forcing term. An example is included to show the significance of the results.

1. Introduction

In this paper, we study the second-order nonlinear dynamic equation

(POFCEN D) + f(tx(o(E) =0, (1.1)

on a time scale T.
Throughout this paper we will assume that

(C1) p € Cua(T, (0, 0));
(C2) ¢y € C(R, (0,17]), where 7 is an arbitrary positive constant;
(C3) f e C(T xR,R).
Preliminaries about time scale calculus can be found in [1-3] and hence we omit them

here. Without loss of generality, we assume throughout that sup T = oo.

Definition 1.1. A solution x(t) of (1.1) is said to have a generalized zero at t* € T if
x(t)x(o(t*)) £ 0, and it is said to be nonoscillatory on T if there exists ty € T such that
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x(t)x(o(t)) > 0 for all t > t;. Otherwise, it is oscillatory. Equation (1.1) is said to be oscillatory
if all solutions of (1.1) are oscillatory. It is well-known that either all solutions of (1.1) are
oscillatory or none are, so (1.1) may be classified as oscillatory or nonoscillatory.

The theory of time scales, which has recently received a lot of attention, was introduced
by Hilger in his Ph.D. thesis [4] in 1988 in order to unify continuous and discrete analysis, see
also [5]. In recent years, there has been much research activity concerning the oscillation and
nonoscillation of solutions of dynamic equations on time scales, for example, see [1-27] and
the references therein. In Dosly and Hilger’s study [10], the authors considered the second-
order dynamic equation

(px*®)" +qx(o) =0, 12)

and gave necessary and sufficient conditions for the oscillation of all solutions on unbounded
time scales. In Del Medico and Kong’s study [8, 9], the authors employed the following
Riccati transformation:

_ P2 () (13)

u(t) =

and gave sufficient conditions for Kamenev-type oscillation criteria of (1.2) on a measure
chain. And in Yang’s study [27], the author considered the interval oscillation criteria of
solutions of the differential equation

(px'1) + g f(x()) = 8(¢). (1.4)
In Wang's study [24], the author considered second-order nonlinear differential equation
(a®@xEKE 6)) +pOKE ®) +a®f(x(t) =0, t=to, (15)
used the following generalized Riccati transformations:

g (x (D) k(x' (1))
fx(®)

g (x () k(x'(£))
x(t)

o(t) = d()a(t) [ + R(t)], E>to,

(1.6)

o(t) = d()a(t) [ s R(t)], E>to,

where ¢ € C!([ty, ), R;), R € C([to, ), R), and gave new oscillation criteria of (1.5).
In Huang and Wang’s study [16], the authors considered second-order nonlinear
dynamic equation on time scales

(P32 )" + £, x(@(0)) =0. (17)
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By using a similar generalized Riccati transformation which is more general than (1.3)

A(t)p(t)x®(t)

u(t) = 0]

+B(t), (1.8)

where A € Ci 4(T, R\ {0}),B € Ci 4(T, R), the authors extended the results in Del Medico and
Kong [8, 9] and Yang [27], and established some new Kamenev-type oscillation criteria and
interval oscillation criteria for equations with a forcing term.

In this paper, we will use functions in some function classes and a similar generalized
Riccati transformation as (1.8) and was used in [24, 25] for nonlinear differential equations,
and establish interval oscillation criteria for (1.1) in Section 2. Finally in Section 3, an example
is included to show the significance of the results.

For simplicity, throughout this paper, we denote (a,b) N\T = (a,b), where a,b € R,
and [a,b], [a,b), (a,b] are denoted similarly.

2. Main Results

In this section, we establish interval criteria for oscillation of (1.1). Our approach to oscillation
problems of (1.1) is based largely on the application of the Riccati transformation.

Let Dy = {s € T:s>0}and D = {(t,s) € T?> : t > s > 0}. For any function f(t,s):
T? — R, denoteby f{* and f;* the partial derivatives of f with respect to  and s, respectively.
For E C R, denote by Li(E) the space of functions which are integrable on any compact
subset of E. Define

(+4,B) = { (A, B) : A(s) € CLy (Do, R, \ {0}), B(s) € Cly(Do, ),
1nA(s)p(s) = u(s)B(s) >0, s € Do};
H* = {H(t, s) € CY(D,R,) : H(t,t) =0, H(t,s) >0, Hi(t,s) <0, t >5> 0},- (2.1)
H, = {H(t,s) € CYD,R,) : H(t,t) =0, H(t,s) >0, H:(t,s) >0, t>s> 0};
H=H (K

These function classes will be used throughout this paper. Now, we are in a position to give
our first lemma.

Lemma 2.1. Assume that (C1)—(C3) hold and that there exist ¢; < by < ¢2 < by, a > 1, functions
q,8 € Cra(T, R) such that q(t) > 0#0 for t € [c1,b1] U [c2, b2],

<0, tec,b],
g(t){zo, € [cnbal, (22)
f(t’y) a-1 _ & 23
y >q(t)|y| Y’ (2.3)
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forallt € [c1,b1]U [c2, ba] and y #0. If x(t) is a solution of (1.1) such that x(t) > 0 on [c1,0(b1)]
(or x(t) < 0on [cp,0(by)]), for any (A, B) € (4, B) one defines

Py (x()x*(t)

u(t) = AW

+ B(t), (2.4)

on [ci,bi], i = 1,2, and @y (t) = A%(t)(q(t) — (B(t)/A(t))™), A°(t) = A(o(t)). Then for any
(A,B) € (#4,B),H € H*, and M;(t,-) € L([0,p(t)]), one has

lpl (Ci, bl) < H(bi, c,-)u(ci), i= 1,2, (25)

where @, (s) = A%(s) (a(a—1)1""*[q(s)]"*|g(s)[" /%= (B(s)/ A(s))™) for & > 1, Dy (s) = Dy (s)
fora=1,and

b; p(bi)
W, (¢, by) = f H(bi,cr(s))ch(s)As—f M (b, 5)As
+ Hy (bi, p(b:)) (nA(p(0:))p(p (b)) — u(p(:))B(p(bi))), i=1,2,
Ml(t, S)

L (HE9AGBEWH(E0(5) A%(5)BE) +1AEpS) (H(E ) AG)™)’
~ 4H(t,0(5) A(s) min[A(s) [1A(5)p(s) () B()], A° () [1A()p ()1 () B(s)])

(2.6)
Proof. Suppose that x(t) is a solution of (1.1) such that x(¢) > 0 on [c1, 0(b1)]. First,
pu — pB + Apg(x) = #M + Apy(x) = AP‘I‘(x)x—: > 0. (2.7)
Hence, we always have
uu — uB +nAp > pu — uB + Apy(x) > 0, (2.8)
x Apy (x) s Ary(x) 2.9)

X0 pu—puB+ Apg(x) T pu—puB+nAp’
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Then differentiating (2.4) and using (1.1), it follows that

ub :AA<pqr(x)xA> +AG<P‘F(X)XA>A+BA
x x

A 2

— A—A(u—B) +Ao‘ (qu(x)xA) x—p(p(x)(xA) +BA (210)
A xx°
O o af(t x") o (x4)” x

= 7u+B - TB A - A%py(x) 2

(i) a > 1. Noting that g(t) < 0 on [c1, b1], from (2.10), we have

xO‘

A
AS§u+AU<§>A A"I:lg|+q(x) ] A° qr(x)( i

AL B\* —w)/a a (1-1/a x4 x
<7u+AU<A> —a(a—l)(l )/ Ao[q]l/ |g|1 1/ Agptp(x)( ) = (2.11)

<A—Au A° (u— B)
- A A‘uu yB+71Ap

That is, fora > 1,

A2 (1) - [(A°(t) + A1) B(t) + n AL () At)p(H)]u(t) + AG(t)Bza)
A(t) (u(tyu(t) — u(t)B(t) + nA(t)p(t))

ut(t) + Dy (t) +

(2.12)

(ii) For a = 1, from (2.10), we have
Al B\* 8] (xA)z X
A o _ AC — A% —

u S—u+A< > A[xa+q A’py(x) 2

x°
Al o (xA)2 x sl /B A
< —u—-A%py(x) 5 —U+A <—> -q].

(2.13)

Then (2.12) also holds.

From (i) and (ii) above, we see that (2.12) holds for a > 1. For simplicity in the
following, we let H, = H(b1,0(s)), H = H(b1,s), H® = H (b, s), and omit the arguments in
the integrals. For s € T,

H,-H=H}p. (2.14)
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Since HZ < 0 on D, we see that H, < H. Multiplying (2.12), where ¢ is replaced by s, by Hy,
and integrating it with respect to s from c; to by, we obtain

by by

Au? - [(A° + A)B + nA* Ap]u + A’ B
A(pu - uB +1nAp)

H,®,As < —f

1

(HauA + H, >As. (2.15)

1

Noting that H (¢, t) = 0, by the integration by parts formula, we have

bl bl

H;®,As < H(by, c1)u(cr) +f

C1

Au? - [(A° + A)B+nA2 Aplu + A°B2

A(pu—pB +1nAp)

C1

by
< H(by,c1)u(cr) + HyuAs
p(b1)

p(o) Au? - [(A% + A)B + AL A
+I Hu-H, u - [(AT+ A)B -+ plu As.
a A(pu — pB +1Ap)

(2.16)

Since H' < 0 on D, from (2.8), we see that

b

Hyuls = Hy (b, p(b1))u(p(b1)) u(p(br))
p(br) (2.17)

< —Hjy (b, p(b1)) (nA(p(b1))p(p(b1)) = u(p(b1)) B(p(b1))).

For s € [c1,p(b1)), and u(s) <0, we have

Au? - [(A° + A)B + nA® Aplu

Hy'u- H,
A(pu - uB +1Ap)
H », HAB+H,AB+ nAp(HA)"
= - u u
pu— pB + 1Ap A(nAp - uB)

HAB + H,A°B + nAp(HA)* i
A(nAp - uB) pu— B +1nAp
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__HoA’(nAp+uB) , HAB+H,A%B+nAp(HA)"
<- u u
A(Ap - uB)’ A(nAp - uB)

H, A® (nAp + uB) (nAp - uB) (HAB + Hy A°B + nAp(HA)* )
= — u—
A(Ap - uB)’ 2H,A°(nAp + uB)

2
(HAB+ Hy A°B + nAp(HA)® )
4H,A° A(nAp + uB)

2
(HAB+ Hy A°B + nAp(HA)" )
<
" 4H,Amin{A(nAp - uB), A°(nAp + uB) }

(2.18)

For s € [c1,p(b1)), and u(s) > 0, we have

Au? - [(A° + A)B + 1A% Aplu
A(pu - B +1nAp)

H2u-H,

B H HAB + H,A°B + nAp(HA)* |
B uu—uB +nAp “ 2HA

2 (2.19)
(HAB+ HyA’B + nAp(HA)" )

4HA?(pu — uB + nAp)

(HAB + H,A%B + qu(HA)A>2

< : - M.
4H;Amin{A(nAp — uB), A°(nAp + uB)}

Therefore, for s € [c1,p(b1)), we have

Au* - [(A” + A)B + nA% Aplu
A(pu—pB +nAp)

Hiu- H, < M. (2.20)

Then from (2.16), (2.17), and (2.20), we obtain that (2.5) holds fori = 1.
If x(t) <0 on [cp, 0(b2)], then we see that g(t) > 0 on [c3, by] and

A B\ g (x*) x
A2 of 2 _ A0S oa-1] _ jo el 221
u-~ < Au+A <A> A [|x0|+q|x | ] A’py(x) o (2.21)

Following the steps above, we have that (2.5) holds for i = 2. The proof is complete. O

Next, we have the second lemma.
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Lemma 2.2. Assume that (C1)-(C3) hold, and that there exist a; < ¢1 < ax < ¢z, @ 2 1, functions
q,8 € Cia(T,R) such that q(t) > 0#£0 for t € [a1, 1] U [az, 2] and

g(t){

and (2.3) holds for all t € [ay,c1]U [az, c2] and y #0. If x(t) is a solution of (1.1) such that x(t) >0
on [ay,0(c1)](or x(t) < 0 on [az,0(c2)]), define u(t) as in (2.4) on [a;, c;], i = 1,2. Then for any
(A,B) € (4,B),H € H#,, M(-,t) € Lipc([0(t), o0)), one has

t e [ay, ],

<0,
> 0/ te [a2/ C2]r

(2.22)

Wy(a;, ¢;) <-H(ci, a)u(c;), i=1,2, (2.23)

where M, is defined as before, and

W, (a;, ;) = fH(o(s»ai)@z(sMs— " MG, a)s

o(ai)

4

_ [rlp(ai)HlA(ai/ ai)AO'(ai) + H(O'([li), ai)AU(ai)B(ai)]/ i= 1/2

A(ai)
M (s, t)

(Hi(s, DAG)B(s) + H(o(5), ) A(5)B(s) + nA(S)p(s) (I s, D A(s) )’

" 4H(s, ) A(s) min{A(s) [1A(s)p(s) - u(s)B(s)], A% (5) [1A(s)p(s) + u(s)B(s)] )
(2.24)

Proof. Suppose that x(t) is a solution of (1.1) such that x(t) > 0 on [a1, o(c1)]. For simplicity
in the following, we let H, = H(o(s),a1), H = H(s,a1), H® = H{(s,a1), and omit
the arguments in the integrals. Multiplying (2.12), where t is replaced by s, by H/, and
integrating it with respect to s from a; to c¢; and then using the integration by parts formula
we have that

1 1
f H ®,As< - f <H;,uA +H,
ay

a

Au? - [(A? + A)B + nA® Ap|u + A°B? > A
S
A(pu — pB +1Ap)

< —H(c1, ar)u(cr)

o@) e Au? - [(A® + A)B + AL A
+<I +I ><H1Au—H[j W (AT AB p]u>As.
o o(ar) A(pu— pB +nAp)

(2.25)
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Fors € [ai,¢1),

H,-Hfu=H".

Hence,

o(ar) Au? - [(A° + A)B+ AL A
J. (:f{fll'_ Iié. u [( + ) +‘n plll:)lﬁﬁ
a A(pu = pB +1Ap)

(HyAZB + Ap(H'A)* )up
A(pu—pB +nAp)

S=a;

< (@) H2 (ar, ar) A% (ay) + L0 (@) @) A%(@) Blar)

A(ar)
Furthermore, for s € [o(a1),c1), and u(s) <0,
- H Au* - [(A” + A)B + A% Aplu
A(pu - pB +1nAp)
H », H'AB+H A%B + nAp(H'A)*
=— u u
pu— pB + 1 Ap A(nAp - uB)

H'AB + H!,A°B + nAp(H'A)* pu?
A(nAp - uB) pu— B +1nAp

. _HeA°(nAp+pB) , H'AB+H,A'B+ nAp(H' A)*
S - u u
A(nAp - ﬂB)2 A(nAp - puB)

__HAY(nAp+pB) | (nAp - uB) (H'AB+ Hy AB + nAp(H'A)*)

A(nAp - uB)* 2H; A (Ap + uB)

2
(H'AB + H, A°B + 7 Ap(H'A)* )

+
4H;A° A(nAp + uB)

2
(H'AB + Hy A°B + Ap(H'A)" )
<
" 4H'Amin{A(nAp - uB), A°(nAp + uB)}

(2.26)

(2.27)

(2.28)
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For s € [o(ay),c1), and u(s) > 0,

Au* - [(A° + A)B + A% Aplu
A(pu — pB +1Ap)

H [u _ H'AB+ H,AB + qu(H'A)A]2

Hfu-H,

_‘uu - uB+nAp 2H'A

e (2.29)
(H'AB + H, A°B + 7 Ap(H'A)* )

4H'A?(pu — uB + nAp)

2
(H'AB + H, A°B + nAp(H'A)* )
<
" 4H'Amin{A(nAp - uB), A°(nAp + uB)}

Hence, for s € [o(ai1),c1), we have

Au? — [(A° + A)B + AL A
w - [(A7+ A)B+ 1 p]”<M2. (2.30)

Hfu-H,
"7 A(uu-pB +1Ap) B

From (2.25), (2.27), and (2.30), we have that (2.23) holds for i = 1.
If x(t) < 0 on [ay,0(c2)], then we see that g(t) > 0 on [ay, c;]. Following the steps
above, we have that (2.23) holds for i = 2. The proof is complete. O

Theorem 2.3. Assume that (C1)-(C3) and the following two conditions hold:

(C4) Forany T > to, thereexist T < a; < by < ax <by, a > 1, functions q,g € Cq(T,R) such
that q(t) > 0#£0 for t € [a1,b1] U [a2, b2] ,

- <0, tela,bi], (2.31)
>0, te€[aybs],

and (2.3) holds for all t € [a1,b1] U [az, by] and y #0.

(C5) There exist ¢; € (a;,b;), i = 1,2, (A,B) € (#,B), H € #, Mi(t,-) € L([0,p(t)]),
M (-, t) € Lioc([0(t), 0)) such that fori=1,2,

;‘Iﬁ (ci, bi) !

+—0Y a;, Ci >0, 2.32
H(;,ci) H(c;, a;) 2( ) (2.32)

where My, M, W1(ci, bi) and W, (a;, ;) are defined as before.
Then (1.1) is oscillatory.

Proof. Suppose that x(t) is a nonoscillatory solution of (1.1) which is eventually positive, say
x(t) > 0whent > T >ty for some T depending on the solution x(¢). From the assumption
(C4), we can choose aj, by > T so that g(f) < 0 on the interval I = [ay,b;] with a; < by.
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From Lemmas 2.1 and 2.2, we see that (2.5) and (2.23) hold for i = 1. By dividing (2.5)
and (2.23) by H(bi,c1) and H(ci, a1), respectively, and then adding them, we obtain a
contradiction to assumption (2.32) withi = 1.

When x(t) is eventually negative, we choose as, b, > T so that g(t) > 0 on [ay, b,] to
reach a similar contradiction. Hence, every solution of (1.1) has at least one generalized zero
in (ay, by) or (az, by).

Pick a sequence {T;} C T such that T; > T and T} — o as j — oo. By assumption,
for each j € N there exists a;,bj,c; € R such that T; < a; < ¢; < bj and (2.32) holds, where
a,b,and c are replaced by a;, b;,and c;, respectively. Hence, every solution x(t) has at least
one generalized zero t; € (a;, bj). Noting that t; > a; > T, j € N, we see that every solution
has arbitrarily large generalized zeros. Thus, (1.1) is oscillatory. The proof is complete. O

Corollary 2.4. Assume that (C1)—(C4) hold and that
(C6) there exist ¢; € (ai,bi),i=1,2,(A, B) € (#4,B), He H, Mi(t,-) € L([0,p(t)]),
M (-, t) € Lioc([0(t),00)) such that fori=1,2,

q"l (Ci/ bl) >0, (233)

Yy (ai, ci) >0, (2.34)

where My, Mo, W1(ci, bi) and Wy (a;, ;) are defined as before. Then (1.1) is oscillatory.

Proof. By (2.33) and (2.34), we get (2.32). Therefore, (1.1) is oscillatory by Theorem 2.3. The
proof is complete. O

When g € Cq(T,R,), g(t) =0, a =1, we have the following corollary.

Corollary 2.5. Assume that (C1)-(C3) hold and that there exists a function q € C.q(T,R.) such
that uf(t,u) > q(t)u?. Also, suppose that there exist (A,B) € (#,B), H € H, My(t,) €
L([0,p(H)]), Ma(-,t) € Lioc([O(t), 0)) such that foranyl € T

limsup{JtH(o(s),l)(Dl(s)As - t M;(s,1)As
t— oo 1 o(l) (235)
- [worpapare HEQITZOEON
t p(t)
lim sup I:J‘ H(t,o(s))®1(s)As — Mi(t,s)As
t— oo 1 1
(2.36)

+ Hy (t,p(1) (nA(p())p(p(1)) - #(P(t))B(P(f)))] >0.

Then (1.1) is oscillatory.
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Proof. When (C3) holds and there exists a function g € C,q(T, R,) such that uf(t,u) > q(t)u?,
it follows that (C4) holds for g(t) = 0and a = 1. Now @4 (s) = ®,(s). Forany T > ty, leta; = T.
In (2.35), we choose [ = a;. Then there exists ¢; > a; such that

‘Pz(al,cl) > 0. (237)

In (2.36), we choose [ = ¢;. Then there exists by > ¢; such that

¥, (Cl,bl) > 0. (238)

Combining (2.37) and (2.38) we obtain (2.32) withi = 1.
Next, in (2.35) we choose | = a, = by. Then there exists ¢, > a, such that

IPQ(llz, C2) > 0. (239)
In (2.36), we choose [ = ¢;. Then there exists by > ¢, such that
‘Pl (Cz, bz) > 0. (2.40)

Combining (2.39) and (2.40) we obtain (2.32) with i = 2. The conclusion thus follows from
Theorem 2.3. The proof is complete. O

3. Example

In this section, we will show the application of our oscillation criteria in an example. The
example is to demonstrate Theorem 2.3.

Example 3.1. Consider the equation

. A 2
<p(t) (2 + cos 2x(t) + %)ﬁ(n) + (x> (o(t)) [%] +cos 1”—6t -0, (3.1)

where p € Cra(T, (0,70]), t € T, ¢s(x(t)) = 2 + cos 2x(t) + sinx(t) /(1 + x*(t)),

cos 17r—6t, t € [32n,32n + 12],
2442
+8f(t _32n-12), te[32n+12,32n+16],
q(t) = 4 - (32)
—Cos Rt’ t € [32n + 16,32n + 28],
2442
k +8f(t _32m-28), te[32n+28,32n+32], neN,

and g(t) = —cos(or/16)t. So we have 1 = 4.
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For any T > 0, there exists n € Ny such that 32n > T. Let a = 3, a; = 32n, by =
32n+8, c1 = 32n+4,a, = 32n+16, by = 32n+24, ¢» = 32n+20, (A,B) = (1,0), H(t,s) = (t-s)?,
we have

<0, te€[32n,32n+8],
g(t) ; ] (3.3)
>0, te[32n+16,32n+24].
(i) Consider T = Ry,
32n+4 32m+4 4 _32m)2
Yy (ay, c1) > — (s - 32n)* cos £s ds—f 110(5—7;)
\f 32n 16 32n (s —32n)
192v/32
== (% + 8 - 32) — 161,
32n+20 T
Wy(ay, c) > — f (s —32n - 16)2 cos 1—s ds
32n+16 6
J~32n+20 4110(3 — 35— 16)2
s2ms16 (s —32n —16)°
6
= M (% + 8 - 32) ~ 161,
aT
. (3.4)
32n+8 32n+8 4 321 +8 —
Yi(cy, b)) > — (32n + 8 — 5)* cos s ds—f "o(32n i) ds
V4 Jaonia 16 aon+a (32n+8-5)
1 2
2 *ﬁ( x?+ 8 -32(vV2-1)) - 161,
32n+24 T
Wi(cp, bp) > —— (32n+24 - s)? cos —s ds
321420 16
f32n+24 410(32n + 24 — 5)* p
- s
sons20  (32n + 24— 5)?
19232, ,
- = (~a* + 8 -32(v2-1)) - 161,
So fori=1,2, we have
1 1 192f
—IP i/bi IP' ir Ci > _2 2 —2 . 35
H(bi, c:) 1l bi) + H(ci, a;) 2(a ) ( f> o (32)

When 0 < 779 < (96v/32/ %) (r—2+/2) = 1.728, we have (192v/32/73) (r—2+/2) 210 > 0,
so (2.32) holds, which means that (C5) holds. By Theorem 2.3, we have that (3.1) is oscillatory.
However, when 179 > (96v/32/ %) (or — 2+/2), we do not know whether (3.1) is oscillatory.
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(2) Consider T = Ny,

3 % 213 0k — 64n +1)°
Wa(ar,c1) > —= (k +1 - 32n)* cos —k 1o L A
kén k;zﬂ (k—32")2
3 3ar 889
= 1+4 —+1 -
\3/1< + cosl6+9cos8 + 16 cos 16> 36 0/
32n+19 32n+19 2
—64n —
¥y (az, c2) >—— > (k +1—-32n—16)* cos £k—qo > (2k — 64n 32+21) — 4
4y _3mi16 16 k=317 (k—32n—16)
3ar 889
= 1+4cos — —+1 )=
\3/41< + cos16+9cos8 + 16 co Sl6> 36 0/
32n+7 32n+6 2
dn+16 -2k -1
%(a,bl)zi >, (2n+8-k-1cos k- ), ©dn+16-2K-1) 4y
VA S k=aama (32n+8-k—-1)
= <9COS£+4COSS—JT+C 3‘”)—@
V4 4 16 8 ) 36
3 321423 , ju
Wi(co, bo) > 7, > (32n+24-k-1) cosEk
32n+20

32m+22 2
64n +48 -2k -1

- D, ( )2 — 4o
k=3om+20 (32n+24 -k - 1)

_ 3 <9cos” +4cos 2 + Ccos 3ﬂ-> - 889
- i 1 16 §) 36
(3.6)
So we have
! Wi(ci, by) + ! Wy (a;, ci)
H(bi, Ci) 1\¢i, Vi H(Ci, ai) 2\4i, ¢
> 16?13/41 [<1 +4cosE+9cos§+16cos ?;—]6r> (3.7)

5ar 3o 889 .
+ <9cos 1 +4cos — 16 + Ccos — 3 >] —@110, i=1,2.

When 0 < 79 < (54/889v/4) (1+4 cos(or /16) +9 cos(r /8) +16 cos(37r/16) +9 cos(or /4) +
4cos(5xr/16) + cos(3x/8)) = 1.359, we have (3/16vV4)[(1 + 4cos(or/16) + 9cos(r/8) +
16 cos(3r/16)) + (9cos(r/4) + 4cos(5x/16) + cos(3r/8))] — (889/288)n9 > 0, so (2.32)
holds, which means that (C5) holds. By Theorem 2.3, we have that (3.1) is oscillatory.
However, when 7 > (54/889v/4) (1+4 cos(or/16) +9 cos(or /8) + 16 cos(3ar /16) +9 cos(or /4) +
4 cos(5r/16) + cos(3r/8)), we do not know whether (3.1) is oscillatory.
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