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OSCILLATION CRITERIA FOR SECOND ORDER NONLINEAR
NEUTRAL DYNAMIC EQUATIONS ON TIME SCALES

E. THANDAPANI AND V. PIRAMANANTHAM

Abstract. In this paper, the authors established some new oscillation criteria for the sec-
ond order nonlinear neutral delay dynamic equations on time scales. Examples illustrat-
ing the main results are given.

1. Introduction

In recent years, there has been much research activity concerning the oscillation of so-
lutions of second order dynamic equations on time scales, see for example [1-12, 17, 19] and
the references contained therein. However, there are few results dealing with the oscillation of
solutions of neutral delay dynamic equations on time scales, see for example [15, 16, 18]. Mo-
tivated by this observation, in this paper we are concerned with the second order nonlinear
neutral delay dynamic equation on time scales

(@) +p@)yE—1)M2 +qyP(t-8) =0, teT, (1.1)

where T is a time scale.

Throughout this paper we assume the following conditions without further mention:

(Hy) Y =1, and B> 0 are quotients of odd positive integers;

(H,) 7,6 are fixed nonnegative constants such that the delay functions 7(f) = t—7 < t and
6(t)=t—-0O6<tsatisfyr(t): T—Tando(t): T —Tforall teT;

(H3) q(t)and r(t) are real valued rd-continuous positive functions defined on T;

(Hy) p(t)is a positive and rd-continuous function on T such that 0 < p(#) < 1.

By a solution of equation (1.1), we mean a nontrivial real-valued function which has the
properties y(1) + p(1)y(t—1) € C! [1,,00) and r(1)([y(1) + p(0)y(t - 1)) € C! ,[t},00), 1y =
fo and satisfying equation (1.1) for all ¢ > #;. A solution y(¢) of equation (1.1) is said to be
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oscillatory if it is neither eventually positive nor eventually negative, that is, if for every b > a

there exists ¢ > b such that y(t) = 0 or y(#) y(o(?)) < 0; Otherwise it is called nonoscillatory.
Since we are interested in oscillatory behavior of solutions, we will suppose that the time

scale T under considerations is not bounded above and therefore the time scale is assumed

in the form [#y,00)T = [ty,00) N T.

In this paper we obtain the oscillation criteria for equation (1.1) subject to the following

two conditions:

o) 1
f r1/7(s)Asz ' -2
and
- A 1.3
f ]’1/—7(3‘) S < 0o0. ( . )

When p(t) =0, equation (1.1) reduces to the following equation

OO +q®yP(t-6) =0, teT. (1.4)

In the super linear case, when y = § = 1, the oscillation of the solution of equation (1.1)

was discussed by Saker in [15] under the condition (1.2).

We note that if T = R we have o () = £, u(t) =0, f2(¢) = f'(¢). Then equation (1.1) be-
comes
@y +p@Oyt-01") +q®yP(t-0=0 teR.

If T =N, we have o(n) = n+1,u(n) = 1 y*(n) = Ay(n) = y(n+ 1) — y(n), then equation

(1.1) becomes

A Aly(m) +pm)yn-)N+qgm)yPn-86=0 neN.

If T=hN, h >0, we have o(t) = t+h, u(t) = h, and yA(t) =Ap(t) = W, then

equation (1.1) becomes

Ap(r(OARly (D +p@OyE-TD) +q(0)yP(t-6)=0 tehN.

IfT = qN:{t: t=qg", neN}, g>1, we have o(t) = q(t), u(t) = (q—l)tandyA:
Agy(t) = w, then equation (1.1) becomes

Ag(r()(Agly(® +p@)y(t—1)D") + g yPt-6=0 teqgV.
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IFT=N?={?:teN},wehave o(t) = (vV+1)? and u(t) = 1 +2v7 and y*(£) = Ayy(t) =

(VD= y(0) ;
EEETEY A then equation (1.1) becomes

ANr(OANYO +p@OyE-TD) + g0 yPr-8) =0 renN?.

If T = {t,: neNj}, where {f,} is the set of harmonic numbers defined by 70 =0, t, =
Y7 %, n€Ng, wehave o (ty) = tur1, pltn) = a7 and y2(1) = Aty (1) = (n+1)Ay(ty), then
equation (1.1) becomes

Aty(r(tn) A tnly(tn) + p() Yt =TI + (1) yP (1, - 5) =0 teT.

The paper is organized as follows: In the Section 2, we present some oscillation criteria
of solutions of equation (1.1) when (1.2) holds. When (1.3) holds, we also establish some
conditions which are sufficient for solutions of equation (1.1) to be oscillatory or converges to
zero. Our results include those of Jinfa [13] and I.Kubiaczyk et.al.[14] when T =N and p(¥) is
identically zero. In Section 3, we present some examples to illustrate our main results.

2. Oscillation criteria
First, we consider the case , when condition (1.2) holds, and y = 8 = 1. To prove our main
result, we will use the following lemma which is called Keller’s chain rule.

Lemma 2.1 ([3]). Let f : R — R be continuously differentiable and suppose g : T — R is delta
differentiable. Then f o g:T — R is delta differentiable and the formula

1
(fog)™(t) = gA(t)fO (g +hung®)dh
holds.

Now we state and prove our main results.

Theorem 2.2. Assume that condition (1.2)holds. Furthermore assume that there exist posi-
tive rd-continuous delta differentiable functions a(t) and ¢(t) such that for every b =1 and a
positive number M,

i t K(s)C%(s) B
Jim sup | |a(s)p()Q(s) - 7 |as=oo, @1

4p(s)BM v a(r)

where

+ (@ ()4

A
Q(s) = g1 - p(s— )P, Cls) = W

K1) = b-(t-0)"P@® (0)2rr (t-9),
(@®(0); = max{a®(£),0} and (¢" (1)), = max{p®(£),0},

holds. Then every solution of equation (1.1) oscillates on [ty,00)T.
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Proof. Suppose to the contrary that y(¢) is a nonoscillatory solution of equation (1.1). Let #; =
fp be such that y(#) # 0 for all £ = #;. Without loss of generality, we may assume that y(#) is an
eventually positive solution of equation (1.1) with y(—6) > 0, where 8 = max{r,0} forall £t = f;
sufficiently large.
Set

x() =y +p@D)yEt—-1). (2.2)

From equation (1.1) and (H>) we have

rOE*E)NA =—q0yP(t-6) <0 forall re[t,00)7, (2.3)

and this implies that r(f) (x2(1)7 is an eventually decreasing function. We first show that
r(0)(x2 (1) is eventually nonnegative. If r (1) (x2(1)Y <0for t = t, = t;, we have r(£) (x2 (1) <
1

<

r(t));' Now integrating from #, to ¢,

(1) (x2(£,))Y = ¢ < 0 for some constant c¢. Hence x2(¢) < (

we obtain
1 ¥
x(1) < x(t) +c7 [, (%) "As,

which implied by (H;) that x(#) — —oco. This contradicts the fact that x(¢) > 0 for all 7= #;.

Hence r (1) (x2 (1)) is eventually nonnegative. Thus we see that there is some f; such that

x(1) >0, x*(1) =0, r(6)(x*(1)? > 0,and (r (1) (x> (1)) =0, for = 1,. (2.4)

From (2.2) and (2.4), we have
y(@) =x(0)-p@yt—1)=1- p)x(1).
Then, for t = t, = t; + 6, we have
y(t—-86)=1-p(t—8)x(t—5).
Using the last inequality in (2.3), we have
rOEAOM® + g0 - pt-6)PxP(1-6)<0 forte[n,00)7.
Define

r() (xR

H=alt
w(t) = a(r) PU—0)

for t € [tr,00)T. (2.5)
Then w(t) >0, and

(r( > a)nA

al(t) ]A a(t)

At: AyyyO
w(6) = (r(x™) [xﬁ(t_& 15
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a(r) A A Ao [XP(E=8)a™ (1) — a(t) (xP (£ - 6)”
= t )Y t 0’
P—0) (r@ =)+ (r@ = ()" P 0) 2P o) —0)
@)y ... a@®EFr@OEAOM (P E-6)°
t - ) 2.6
QD+ a’ (1) W xB(t-86)xPo(t)-6) (2.6)
The Keller’s chain rule yields that
1
P)d = ﬁf [hx® + (1 - k) x)P T dhx™ (1)
0
> Bx()P X2 (0).
Then, for ¢ € [#,,00) 7 sufficiently large, we have
P (-0 = BP (£ - 6) (x> (£ - 6)).
Also from (2.4) we have for t > t,,
r(t=8)((x*(t=8)") 2 r(a(t) - O (x™ (a() -6 = (r(O (™) (1),
or
A\\O
Bles)s (r7 ()
rY(t)(t 5)
Substitute the last inequality in (2.6), we obtain
A = A y+1yo
W) < — a(t)Q(t)+( ()4 W (£) ;Ba(t) (rr (=N P,
a’ (1) rr(t—5) XP(t=8)xP(a(1)-0)
Since x*(#) = 0, we have x(o(t) — ) = x(¢ — §) and this implies that
A A v+1yo
W) < — a(t)Q(t)+( (1)« WO (£) ,Ba(t) (r a BOE=@Nr) Fs). .7
a’ (1) -5 XPon)-0)
Form (2.5) and (2.7), we obtain
Wi < _a(t)Q(t)+wwg(t)_ﬁa(t)rl_Ty(o(t)) (W7 (1)) 1 .
- a (1) - @@ A Pu-eA @yt

Now from equation (2.4), we see that r () (xA(t))Y is positive and nonincreasing function onT,
and therefore there exists a #» € [#;,00) such that 7 () (x2(#))Y < % for some positive constant
M and for t € [t,,00) 1. Hence

r-1
Y

= (Mr(o(1)) (2.9)

Aoyt~



114 E. THANDAPANIAND V. IRAMANANTHAM

Further from (2.4) we have

x(1) = x(tp) = f:xﬁ(sms < x* (1) (£ — 1),
0
and thus there exists a T € [fy,00) 1 and a suitable constant b > 1 such that
x(t) < bt forte[T,00)7.
Hence

W P-6)<b"Pt-6)"P forteTy,00)T,

where T7 = T + 6. Now substitute (2.9)and (2.10) in (2.8), we have

A r-1
@@ oy BM 7 a(t)

. (w (1))
a’(s) (b- (t—8N'P(a® (1)2r7 (t—6)

wh (1) < —a()Q(1) +

Multiplying (2.11) by ¢(s) and integrating from , to ¢, (t = t,), we have

(@®(s))+

) w?(s)As

t t
P(SHa(s)Q(s)As = - &(s) wA(s)As + (/)(s)
1) 12}

t
b (s) pM T ats)  (W(s)%As.

f2 (b-(s=N'Pa%(s)2rrs—06)

Using integration by parts, we obtain
t t
f P W ($)As = p(Ow (@)}, - f (@) w (s)As
12 [2)
t
< —p(Rw(t)— | @)+ w(9As.
[2)

From (2.12) and (2.13), we have

@)+, A -
</>(S)a(S)Q(S)As< w(t2)p(f2) + [tb() U() +(P7 ()4 |w” (s)As
¢(S) pM'7 a(9 w?(o(s)As,

b (b (s—6)1P(ad ()27 (s— )

or

y-1

t t M7
() a(s)Q(s)As = w(t)p(ty) +f (\I (p(g)w W (s)
12 2]

K{(s)

(2.10)

(2.11)

(2.12)

(2.13)
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VK C(s) 2 ff K(s)C2(s)
- As+
[2)

= =
2\/ ()M als) Ap(HBM T als)

Hence . ,
. K(s)C=(s)
tlim / [a(s)d)(s)Q(s) - = ]AS = w(t)dp(12) <oo,
Jn 4p()BM T al(s)
a contradiction to the condition (2.1). This completes the proof. Oa

Remark 2.3. From Theorem 2.2, one can establish different sufficient conditions for the os-
cillation of equation (1.1) by different choices of a(¢) and ¢(¢). For instance , if ¢p(¢) = 1 for
t = tp we have the following results.

Corollary 2.4. Assume condition (1.2) holds. Let a(t) be as defined in Theorem 2.2 such that
forevery b=1 and a positive number M

K(S) ( (aA(S))+ )2

a’(s)
y—-1

4BM 7 a(s)

t
tlim supf [a(s)q(s)(l - p(s —-&)P - As =00, (2.14)
—00 tO

where
K() = B P’ (0)?r7 (£-8)(t - 8)' P, (@® (1) = maxla® (1), 0).
Then every solution of equation (1.1) oscillates on [ty,00) .

Corollary 2.5. Assume condition (1.2) holds. Let a(t) be as defined in Theorem 2.2 such that

t
}Lm sup/ a(s)g(s)(1- p(s—5))ﬁAs =00, (2.15)

to

and

f’ r%(s—é)(8—5)1_ﬁ(0€A(5))-2+
1

As < 0. (2.16)
o a(s)

lim sup
t—oo

Then every solution of equation (1.1) oscillates on [ty,00) .

Remark 2.6. From Corollary 2.4, one can establish different sufficient conditions for the os-
cillation of equation (1.1) by different choices of a(#). For instance , if a(#) = f and a(#) =1,
for t = 9, we have the following results respectively.

Corollary 2.7. Assume condition (1.2) holds. Furthermore assume that for every b = 1 and

positive number M
r DlBar(s—8)(s— 8P
lim supf [sq()01 - p(s—6)P - aT=0)=9) T ps= oo 2.17)
—00 fo

4BM 7 s

Then every solution of equation (1.1) oscillates on [ty,00)T.



116 E. THANDAPANIAND V. IRAMANANTHAM

Corollary 2.8. Assume condition (1.2) holds. Let a(t) be as defined in Theorem 2.2 such that

t
lim sup qs)(1—p(s—6)PAs=oo. (2.18)
TP

Then every solution of equation (1.1) oscillates on [ty,00)T.

The following theorem gives Philos-type oscillation criteria for equation (1.1). First let us
introduce a new class of functions 22 which will be extensively used in the sequel.

Let Do ={(£,5) € T>: £ > s> fp} and D = {(¢,5) € T>: t > s = fp}. The function H € C,;([D,R)
is said to belongs to the class 22 if

(i) H(t, 1) =0, H(t,s)>00onDy

(i) H has a continuous A-partial derivative H As(¢,5) on Dy with respect to the second vari-

able. (H is rd-continuous functions if H is rd—continuous function in ¢ and s).

Theorem 2.9. Assume condition (1.2) holds. Furthermore, assume that there exists a positive
rd-continuous delta differentiable functions a(t) and let h, H : D — R be rd-continuous func-
tions such that H belongs to the class 2 and for every b = 1 and a positive number M with

t 2
f |a(s) H(z,9Q(5) - KOCES  Jps=co 2.19)
)

4BM v H(t,s)a(s)

, 1
T
where Q(1) = q(t)1— p(t—6)P, K (1) = (b-+- (t8))'~P(a® (1))2r7 (t=8), and C(t,s) = Hed@? (),

H?s(t,s). Then every solution of equation (1.1) oscillates on [ty,c0)7.

Proof. Suppose to the contrary that y(¢) is a nonoscillatory solution of equation (1.1). Let
11 = ty be such that y(#) # 0 for all £ = #;. Without loss of generality, we may assume that y is an
eventually positive solution of equation (1.1) with y(z —0) > 0 where 8 = max{z,6} forallt = 1,
sufficiently large. We proceed as in the proof of Theorem 2.2 to obtain that (2.4) holds for
t = 1,. From (2.11), it follows that

@) BM'T a(t)
—wU(t) /s 77

o 2
T KW (2.20)

w?(t) < —a()Q() +

Multiplying (2.20) by H(t, s) on both sides and integrating from £, to ¢, we get

t tH(t, )@ (s))+

t
H(t,s)a(s)Q(s)As < — H(t,s) wA(s)As+f w?(s)As
f ty b a?(s)
y-1
. r-1
| PP o2, 2.21)

1) K(S)
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Using integration by parts we have

t t
- | Ht 9w (s)As = -[H(t, ) w(s)], +f H (1, 5)w’ (s)As
12 [2)

I3
< H(t, ) w(t) + | H(,9)w’(s)As. (2.22)

12}
Substituting (2.22) in (2.21), we obtain

t H(t,$)(@?(s)+

+ (H(t, 9)%) |w’ (s)As
a’(s)

I3
H(t,5)a(s)Q(s)As < w(t) H(t, t2)+f [
1) 2}

Y
t )
| a9 PMT S o2, 2.23)
b K(s)

This implies that

t t
H(t,s)a(s)Q(s)As < w(tz)H(t,t2)+/ C(t,s)w’(s)As

12 [2)
y-1
4 BM 7 a(s), 5 .o
- , H(t,s)w(w (S)) As.

Then by completing the square, we have

t K(s)C2(t, s)

t
H(t,s)a(s)Q()As = w()H(t, t2)+/ =
L2 LaBM Y H(t,s)a(s)

Thus for all t = t,, we have
K(s)C2(t, s)

t
| [Hesawew-—3 |as< Ht w(w),
L2 4BM v H(t,s)a(s)

and . )
1 K(s)C(t,
lim sup f [(x(s)H(t, $)Q(s) - Y(i) (t,) As < oo,
t—oo H(t; tZ) ta 4ﬁMTH(t,S)C¥(S)
which contradicts to the condition (2.19). This completes the proof. O

Corollary 2.10. Let assumption (2.19) in Theorem 2.9 be replaced by

t
a(S)H(t,$s)Q(s)As = o0,

lim sup
t—o0 H(t, to) Jr,

and

_ 1 L K(s)C%(t,s)
lim sup
[—00 H(t, ty) Jiy H(L,5)a(s)

Then every solution of equation (1.1) oscillates on [ty,00)T.
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Remark 2.11. With an appropriate choice of the functions H and h, one can establish a num-
ber of oscillation criteria for equation (1.1) on different types of time scales.

For example, if H(t,s) = (t—s)", t,s€ D with m > 1 then it is clear that H belongs to the class
2 and ((t—5)™? < —m(t -0 (s))"!. We consider the following two cases

Case: 1. If u(r) =0, then

(t=9"™™ = —m(t— )™
Case: 2. If u(t) # 0, then we have

1
(t=9)™™ = —[((t=a(N™ = (t— ™)
()

<-m(r—s)"L.

Then from (2.11) and (2.24), we have ((t - s)™)* < —m((t—o(s))™"!. From Theorem 2.9,
we have the following Kamenev-type oscillation criteria for equation (1.1).

Corollary 2.12. Assume condition (1.2) holds. Furthermore assume that there exist a positive
rd-continuous delta differentiable function a(t) and for every b = 1 and a positive number M

with . )
lim supimf [a(s)(t, 9)™Q(s) - K(s)C=(t, ) AsAs = oo, (2.24)
fo

t—o0 t -t

ABM 7 (t,5)"a(s)

_m A
where m > 1,C(t,s) = =29

equation (1.1) oscillates on [ty,00)T.

—m((t—o(s)™ ', t=s=t=ty. Then every solution of

Also, one can use the factorial function H(t,s) = (f — s)® where ()® = r(r - 1)(r -
2)..(t—k+1), t© =1 and establish new oscillation criteria for equation (1.1).
In this case

HAS(r 5 ® = (t—o(N*=(r-9)F
u(s)

(SR RO

N 14(s)

> —k(t—s)F L.

Next, we consider the case when (1.3) holdsand0< <1,y = 1.

Theorem 2.13. Assume that (1.3) holds. Furthermore, assume that there exist positive func-
tions a(t) and ¢(t) such that (2.1) holds and

f 11( q(u)(l—p(u—&))ﬁAu)Ms:oo, (2.25)
o ry(s) “h

for some ty € T. Then every solution x(t) of equation (1.1) is either oscillatory or tends to zero as

f— oo.
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Proof. Suppose to the contrary that y(¢) is a nonoscillatory solution of equation (1.1). Let #; =
tp be such that y(#) # 0 for all £ = t;. Without loss of generality, we may assume that y(¢) is an
eventually positive solution of equation (1.1) with y(t—6) > 0, where 8 = max{z,0} forall £ = f;
sufficiently large. Let x(#) = y(t)+ p(t) y(t — 7). Then x(t) > 0 for all ¢ € [#, 00) 7. From equation
(1.1), we have (r () (x*()))* <0.

Hence r(£)(x®(2))" is either eventually nonnegative or eventually negative. Since r(t) >0
and y is a ratio of odd positive integers, we have either x*(#) =0 or x®(¢) <0 forall £ > t; = 1.

In the case, where x2 (1) is eventually nonnegative, we may follow the inequality (2.6) as
in the proof of Theorem 2.2 and one obtains

@) 4 a () (r(x™7")° (xP(t—8)°
w" (1) — .

A < —alt t
wi (1) < ~a(HQN +— 7 xB(t—8)xP(o(t)-0)

(2.26)

Since B < 1, the Keller’s chain rule yields that

Pt = ,Bfol[hx” +(1-hxP tdhx ()
> BxP V(o) X2 (0).
Then, for ¢ € [£,,00)T sufficiently large, we have
xP(t-)" = BP o (1) - ) (x (£ -0)).

Since the remaining part of the proof is similar to that of Theorem 2.2, we omit the details.

If x2(¢) is eventually negative, then lim;_.., x(#) = a = 0. We assert that a = 0. If not, then
xP(t-6) — aP > 0 as t — oo. Then there exists 1 € [fp,00)T such that xP(r-6) = aP. From

equation (1.1), we have
r@OE* N s -q1 - pt-6)Fal.
Now integrating the last inequality from #; to ¢, we have

r(0)(x°(6)7 < r()(x°(0)7 —r(t) (x> (£1))"
t
<-a’ | qs1-ps-6)PAs,
n
or

t 1
g(s)(1— p(s— 6))%5) V.

My < —ab
x=(8) m(r(t) .

Again integrating from ; to ¢, we obtain

t N 1
x(1) Sx(tl)—agf 11 ( q(u)(l—p(u—é))ﬁAu)yAs.
O ry(s) Jh
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Condition (2.25) implies that x(#) is eventually negative, which is a contradiction. Therefore
lim;_.o, x(£) = 0. Since x(f) = y(£) + p(t) y(t—6), then 0 < y(t) < x(¢). This implies that y(t) — 0
as t — oo. The proof is complete. a

3. Examples

In this section, we give some examples to illustrate our main results. To obtain the con-

dition for oscillation, we will use the following facts.

®As
/ —=o00,if 0=sv<=l,
I

U
o S

X As
f — <ooif v>1.
to sv

and

Example 3.1. Consider the following second order neutral delay dynamic equation

1
(D) + = y(t r))A)E’)A+t+1 yB(t-6)=0, tell,c0)7, (3.1)

7 and 6 are non-negative constants such that t—7and t =6 € T . In this example y =3, f =
5/3,r(t) =1, q(t) = %,p(t) = % It is easy to see that assumptions (H;) — (Hs) hold. Choose
¢(s) =1and a(s) =1, then from Corollary 2.8 we have

1 |
li f 1— 5 5/3A =1 —  As=
II;I’LS(;IP . q(s)( p(s—0)) $= 1rnsup 2513 0 S+1 §=o00

Hence every solution of equation (3.1) is oscillatory.
Example 3.2. Consider the following second order neutral delay dynamic equation
1 1
(VORE(C )44 + ﬁym(t -8)=0, te(l,00)7, 3.2)

7 and 0 are non-negative constants such that f—7and t =0 € T . In this example y =5, f =
5/3,r(t) =1, q(t) = %,p(t) = % It is easy to see that assumptions (H;) — (H4) hold. Choose
¢(s) =1and a(s) = s, then from Corollary 2.7 we have

As

bl—ﬁri(s—a)(s—a)l—ﬁ]

hmsupf[ sq(s)1 - p(s—06)F - =)
fo 4ﬁMTS

1
tlg{.losupf [25/3 s 20b2/3M4/5 S(S é‘)2/3]A

Hence every solution of equation (3.2) is oscillatory.



OSCILLATION CRITERIA FOR SECOND ORDER NONLINEAR NEUTRAL DYNAMIC EQUATIONS 121

Example 3.3. Consider the following second order neutral delay dynamic equation

[ (t)+i (r—r)]M+i (t—86)=0 te[l,00) (3.3)
y+——=y 2 = ,00)T, :

T and 0 are non-negative constants such that t—7 and -9 € T and A > 0 is a constant. For this
equation, =y =1,r(®) =1, f(t,u)=q(Hu, q(t) = t—]ﬁ, p() = % ie, p(t—906)= % It is easy
to see that assumptions (H;) — (Hy) hold. Choose ¢(s) =1 and a(s) = s, then from Corollary

2.7 we have
r DIBry (s—8)(s —5)1P
limsupf [sq(s)(l—p(s—&))ﬁ— rris ),)7(13 ) ]Aszoo.
oo fo 4BM 7 s
tra 1 1
= i —-1--)-—|A
Jimsup [ S0 D ]as
/Y |
=thr£1osup ——=-—|As
- LS S 4s
fral-1 A
= lim sup __2]AS
{—o0 Ll 4s N
1
=00, if 1> -.
4

Hence every solution of equation (3.3) oscillates if A > %.
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