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Abstract: In this paper, interval oscillation of second order forced impulsive differential equations with damping term
under variable delay are studied. We follow the Kong and Philos type class functions and pair of functions (Hi, H) to
obtain the oscillation criteria. The results obtained in this paper extend some of the existing results. An example is
given to illustrate the main result.
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1. INTRODUCTION

The theory of impulsive differential equations has applications in control theory, physics,
population dynamics, industrial robotics etc. The oscillation of solutions of second order impulsive
differential equations are systematically studied by several authors [5],[6],[7] and [8]. In [9], [10],

[11] the authors studied the oscillation of solutions of second order differential equations with
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constant delay and in [12], [13], [14] authors studied the oscillation of solutions of second order
differential equations with variable delay. Motivated by the work of [12], [14], we obtain the
oscillation criteria for second order nonlinear forced impulsive differential equation with damping
term under variable delay. The results obtained in this paper extend some of the existing results
and are illustrated by an example.

Consider the second order following impulsive differential equation,

(r®, (X'(t))" + p(t) @, (X'(t)) + 0, (1) D, (x(1)) + Zn: q; (1) @y, (x(0) —o (V) =e(t), t= T,

x(t,")=ax(t,), X(t.)=bX(7,) t=1,,k=12,..,

)

where @.(S) = |S|*_l ,keN,t>t,,{z,} is the impulsive moments sequence with 0<t, =7, <7

. ) . Xz, +h)=x(z,"
<..<r, <..limz =00 and x(z,*) = lim x(t), x'(z,*) = lim (5 +N) = X(z, ), x(z,”) = lim x(t)
k-0 t—)thro h—o* h K tot,©

X(z, +h) —Xx(z,)

=x(t), X(z,)= r!I_)rp =X'(z,). Let ] c R be an interval and define PLC(J,R) =

{ X:J = R X(t) is piecewise-left-continuous and has discontinuity of first kind at z,'s}. Define

an interval delay function D, (t)=t—r7, —o(t),t€[r,,7,,,], K €N. Throughout this paper, we

always assume the following conditions hold:

(A1) reC*([t,),(0,)), p,q;,ee PLC([t,,),R),i =012,...,n;

(A2) B, >..>B,>a>P,,, >..>P, >0 are constants.

m+1

(A3) b, 2a, >0,k eN are constants.

(A4) o(t) e C([t, 0)), there exists a nonnegative constanto such that 0<o(t)<o forall t>0
andr,,, —7, >0 forall keN;

(A5) there is one zero point t, € (t,,t,.,]such that D, (t)<0 for te(z,,t,), D, (t)>0 for

te(t,,7..,] and D, (t,)=0.

By a solution of (1) we mean a function X e PC([t,,),R) such that X"e PC([t,,),R)and
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X(t) satisfies (1) for t > t,. A nontrivial solution is called oscillatory if it is neither eventually

positive nor eventually negative; otherwise, it is called non-oscillatory. An equation is called

oscillatory if all its solutions are oscillatory.

2. MAIN RESULTS

Use the notation, let k(s)=max{i:t, <z; <s},and r; =max{r(t):te [c;,d;]}. We define a

function ¢eC([c,d],R) and an operator Q:C([c,d],R) >R by

d bl?()l_al?()l S0 b* —a“
C)+ C)+ i Il

QC [(I)] = (I)(Tk(c)ﬂ) o o + Z ¢(Ti) o I : o "
k(c)+l(rk(c)+l —C) i=k(c)+2 " (v —74)

For the discussion of the impulse moments of X(t) and x(t-o(t)), we need to consider the

following four cases

(CD 7,y 0 <C; and 7,4, +0o<dj;

(C2) 7y, +0 < and Ty + 0 >dj;

(C3) 74,y +O > c;and Ty +0 <dj;

(C4) 7y, +to>c;and 7y +0>d;;

and also assume that there exist points 3, e (c;,d;)\{r,}, j =1,2. which divides intervals [c;,d,]
in to two parts [c;,5;] and [3;,d;]. In view of whether or not there are impulsive moments of
X(t) in [c;,8,] and [§,,d;], we should consider the following three cases

(C2) k(c;) <k(8;) <k(d))

(C2) k(c,) <k(5,) =k(d,)

(C3) k(c,) =k(5,) <k(d).

Also, we have the following relation between §;and tk(sj)
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(C b, <8, » (€, >, (CI by, =5,
Throughout the paper we consider (Cl)with (C1)and (31) only. The discussions for other

cases are similar and omitted. The following preparatory lemmas will be useful to prove our main

theorem.

Lemma 1 Let {B,} , i=12..,n, be the n-tuple satisfying B, >..>B, >a>p ., >...>

B, >0. Then there exist an n-tuple (7,,7,,...,77,) satisfying

Z pmi =a, (2)
i1
which also satisfies
D> <1,0<n <L 3)

i1
Proof: The proof of Lemma 1 can be obtained easily from Lemma 1 of [4] by taking o, =p;/a.
The Lemma below can be found in [1].
Lemma 2 Let X and Y be non-negative real numbers. Then

AXY P XA <(A-DY*, A>1 4)
where inequality holds if and only if X =Y.

Let «>0,A>0,B>0andy>0.Put X = B,y :(Lj AaBﬁ,zznlin Lemma 2 we

a+1 o
a+l a+l o
— A o
have Ay —By ¢« <| —— — | .
y y (a+lj (Bj

Following Kong [3] and Philos [2], we define a class of functions: Let F ={(t,s):t, <s<t},
H,,H, e C*(F,R). A pair of functions (H,,H,)is said to belong to a function class H, if

H,(t,t)=H,(t,t)=0, H,(t,;s)>0,H,(t,s)>0fort>s and there exist h,h, eL, . (F,R)such that

loc

OH, (t,s)

oH,(t,s)
ot ot

=h (t,s)H,(t,s), =-h,(t,s)H,(t,s).
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For convenience we use the following notation for the below expression over [c,d]

B T (ML A S (D I T O
A [v]: _! (10" +|_%+1L b|°‘(t+0(t)—rl)a+!|‘ (t—-1,)" J

+tk(d) (t_Tk(d))a + ‘ (t_Tk(d)_G(t))a w(t)dt
bl:l(d)(t'i_c(t)_rk(d))u (J[_Tk(d))OL

Tk(d) Y(a)

Theorem 3 Suppose that for any T 21, there exist c¢;,d; ¢{r,}, j =12suchthat T<C -0
<c <§,<d <c,-o<cC,<d,<d, and

P(),a; ()= 0,(-1)'e(t) 20, t e[c; —o(t),d 1\ {, },1=0L2...n, j=12 (5)
Let{n;},1 =12,...,n, be an n-tuple satisfying (3) and (4). If there exist (H,,H,) € # such that

]Hl(t,cj)dt]

PO

hl(t’Cj) - r(t)

1 O
e )L [QOH, e ]+ j[qo(n e

i

; d; | _ _&Ml
+ HZ(dJ,Sj)[AS’ [Q(t)Hz(dj,t) +5J.{ (t) o h,(d;,1) t }Hz(dpt)dtJ
H (51, J) C; 1(-;Cj) + Hz(dj,é'j) 5 2( ja-) (6)

where Q(t) =1, " |e() ] [n; ™ (G()™* mp =1- 3 n;, then (1) is oscillatory.

i=1 i=1
Proof: Let us suppose that X(t) is a non-oscillatory solution of (1). Without loss of generality, we

may assume that X(t) >0 for telc, d,]. Define

P, (X (1)

t) =
YO, )

(7

Then for te[c,d,] and t##7,,we have

W () = Zq(t)d)B J(X(t-o(t) - o ()l(i(t_)(L(t))) %pr(t(;(;gt)»
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a+l

_PO ey -

W(t)| @ —qy(t). 8
w6 MO~ o MOT =60 ®)

By arithmetic-geometric mean inequality, Zn:ni HVI WV 2>
Take vozn(f% and V, =7, G (1)@, (x(t-0(1)), from (2) and (3) we get

\ le(t)| e " .
—;qi(t)q)ﬂi,a(x(t—d(t))) (- (t))) le(t)| Hﬂ. (g, (1)". ©)
Now equation (8) becomes

w () =-Qu e POy ) —g,0 (10)

00" T
where Q(0) =7, [e() "] [ @,(0)".

If there are impulsive moments 7, ) .1, )20+ Tegy I [CE] 5 Tusyinr Tueyrzr - Frqay 1 [6,0,]
and zero point t of D,(t)in each (z,,7,,,) for I=k(c)+1k(c,)+2,..,k(d,)-1. Multiplying both

sides of (10) by H,(t,c,)and integrating over [c, ,], also apply integration by parts on the left

side we obtain

k(&)

> Hi(t, )W) —w(n )1+ Hy (5, c)w(s,) - j H, (6, c)hy (t ¢ )w(t)dt

I=k(c,)+1

<_F°fm .\ k% (j +j J+ ];T }Q(t)Hl(t,cl)M "

& 1=K(¢y)+1 X (t)

7 It Tk W(sy)

h a+l
PO, -
ﬂ ® O Gy O qo(t)}m(t,cl)dt

Tk(cp)H 1y T tesy) 5 .
<{ J - > (I | } J+] }?(t)Hl(t,cl)—X =20 4

¢ 1=k (c)+1 x*(t)

4l f Ty W
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Use Lemma 2 with A= ‘hl(t C,)— p((tt))I ( (tc;)l/a Y =|w(t)|, we have

_POo)- “ (OH, (t,c,) dt
1) r(t)"w(t)| ((t))l,a| w(t) | }H(t c,) dt Iqo) (tc)

0} _ Tl
th(t!cl) r() ‘lW(t)l (r (t))l/a [ wi(t) | i| (a + )a+1 hl( 1) ('[)
Apply (12) in (11) we get,
k(o)
D Hi(t,c)Iw(z) —w(z )]+ Hy (5, c)w(s,)
1=k (c)+L
Tk(cp+ k(s)-1 (4 T4 Ye(sp) X% (t_o_(t))
<-— QMH,(t,c) ——_dt
{ CJ.l +' W“U j J Tk£1> tk([l) ] DRt X“(t)
T T
Ty MOy Hed- JaH e

o

For t=7,k=12,..., wehave w(z,") =

k

Tyoppm k(t%)l f T feca) “(t-o(t))
TS feomen stz

c I=k(e)+1 LICH RN

T r(t)
(.!:l:qo( ) 1)a+l hl( 1) (t)
k(a) b —a®

> {' ~ }HlﬁhCJWKﬂ)—Ft(@,Q)W@i)

}Hl(t,cl) dt

<

I=k(c)+1 |

Now for te[c,,d,]\{z,}, from (1), it is clear that

(NUQQ(WGDY+¢KUQQ(W0»=eﬂ)—QAUG%(MU)—ji%0)®ﬁ(MU)SO

t
Multiplying both side of above inequality by p(t) = exp(j% ds], we get

*—w(z,). Therefore from (13) we get

2457
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(PO, (X)) = p(t) [e(t) 40P, (X(1) - a0 D, (1) ] <0 which implies that

[p(t) r(t)®,(x'(t))] is non increasing on [c,,d,]\{r,}. Because there are different integrations in

X" (t-o(t))
X“(t)

(14), we will estimate in each interval of t.

Case () If t, <t<7,,, for I=k(c)+Lk(c)+2,..k(d)-L1=k(5)then(t-ct)t) = (z,,7,,].
Thus there is no impulsive moment in (t—o(t),t). Therefore for any Se€(t—o(t),t) , there exists a
& €(r),8)such that x(S) > x(s)—x(z;") =x(&)(s—1). Since x(z,") > 0,the function ®,_()is
an increasing function and [p (t) r(t)®, (x'(t)] is non-increasing on (z,,7,,;), we have

P(EIr(&)

@, (x(s)) >, (X'(5)(s—7)) = mq% (X'(EN(s—7)"
> %% (X (s))(s—1,)" (15)
Therefore, @, (x'(s)(s—17,)) < %@a (x(3)) < D, (x(s)), & € (z,,5). Thus % < —lr, .
Integrating both sides from t-o(t) to 1, we obtain o ;(;(t)) N :'__:(t) te(t,r.]
JXmo®) Uz zo®) g (16)

x“(t) (t-7)"
Case (i) If 7, <t<t, for I=k(c)+Lk(c)+2,..k(d,),thenr,—o <t—o(t) <7, <t. There is an
impulsive moment 7, in(t-o(t),t) . For any te(r,t) , we have x(t)>Xx(t)—x(z,")
=X'(&)t=1,), & e (z,,t) . Using the impulsive conditions and the monotone properties of I(t),

@,(),[p M) r@)®, (x'(t)], we get



INTERVAL OSCILLATION CRITERIA

PN ¢ (o y
D t)—- 1 | :_—@a l t— |
KO -ax(@) = 2 2R, (K@)

<PEOE) g i yyt—r) = 2O & i)t —1)).

p(&Ir&) pEHrE)

Since X(z,) >0, we have

D (ﬂ_a J<—E(r,)r(r,) D (b —X'(T')(t—r ))
“\Wx@) )T pore) U x@)

In addition, X(z,) > X(7;)—X(z, —o(t)) =X'(g,)ot), ¢, € (t—0o(t),7,).
Similar to the analysis in case (1), we have

X)) 1

X(z,) o(t)
From (17) and (18) and note that the monotone properties of @ (.), p(t)and , we get

X <a + b

TR
In view of assumption(A3), we have
x(z,) S o(t) S o(t)

X(t) O-(t)a| +b| (t_T|) - b| (t+O'(t)—T|)
On the other hand, using similar analysis of case(i), we get

X'(s) Py 1
X(s) s—r,+o(t)

,Se(n—o(t),7)

Integrating (20) from t—o(t) to 7,, where te (7,7, +o(t)), we get

X(t-o(t)) . t-r, >0
X(z,) o)

X(t—O'(t))> t-7
x(t) bt+o(t)-7)

From (19) to (21), we obtain yte(r,t].

X(t-o) _ (t-7)"
X0 b tro-n)"

yte(rt]

2459

(17)

(18)

(19)

(20)

@2y
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Using same as the proof of case(i) and case(ii), we can prove the following cases

X“ (t - G(t)) S (t - Tk(cl) - O-(t))a
X (t) (t_Tk(cl))a .

Case(iii) If ¢, <t<r7, ., then

X* (t —O'(t)) S (t Tk _G(t))a .

Case(iv) If 6, <t<7,),then

X“(t) (t=7s)"
X“(t—of(t (t-z.,.,,—-o®)”
Case(v) If t,,, <t<d,,, then ( - o ))> k() 2
X“(t) (t—Tu))
i X“(t-of(t)) (t- Tk ~ o(t)”
Case(vi) If t ., <t<g,,, then - > s —
k(&) 1 x“ (t) (t—7)

On the other hand, for te (7, 7,,,) =[c,,d,],1 =k(c,)) +1,...,k(d,) -1, there exists y, (7, t) such

that x(t)—x(z,") =X'(3,)(t —7,).In view of  x(z;") >0 and the monotone properties of @ (.),

P PO

[p(@®) r(®®, (X'(t)] weobtain @, (x(t))>d,(X'(5))(t—7)* >
(7|) )

=&, (X))t -7,)*

rOO, (W) - POIG) - 0 s wity <)
®, () POE-7)  (t-7) (t-r)"

which implies

Letting t tends to 7,,,~, we obtain

W) S —— for 7, elc,dl, 1=k(c) +1.. k(d,) L k = k(). (22)

a7

Using similar analysis, we can get

w(z,) < d —, for 7, e[c,d] I=k(c)+1 (23)
(T| _Cl)

w(z,) < for 7, €[c,d], I =k(5,)+1 (24)

(7, 5 )"
Using case (1)-(vi), (14), (22)-(24) and (A3), we obtain

f (ry o) Qe (h (on) SO
Tht+ot)-7)* §  (t-1)"

o (t =Ty o))" 1=k (c;)+1
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YD) t— o & (= —o(t))*
N _ ( Tk(sl)) 4 J‘ ( Tk(sy) Gg)) QU)H, (t,c,)dt
T bk(e‘,)(t"‘c(t) T3, )) e (t_fk(al))
1 r(t) p(t) }
H| d®) —— oz h(tc)———+ [Hi(tc)adt
ﬂ (@t r(t) '
bl?(cl)ﬂ ak(cl)+l I, K&y {ba -a“ K,
—H( +,C)—lmvL ! H(T,C)—
ak(cl) fapa (7, )+1_C1) l—k(zcl:)ﬂ ch | (7a—7)"
_Hl(é‘l , Cl)W(é‘l) (25)

Next, multiplying both sides of (10) by H,(d,,t)and then integrating over [J,,d,]and using

similar analysis to the above, we obtain

l:fk(j‘l)u (t_Tk(él) —G(t))a \ k(di)’l [t' (t Tl J‘ (t T, - O-(t))a]

5 (t_Tk(a‘l))a I1=k(8))+1\ 7, b (t-I-O'(t) T|)a (t T|)a

Ye(ay a
< (t_Tk(dl)) N % (t- Teqdy ~ o(t)”

]Q(t)Hz(dl,t)dt

-~ blf’(dl)(t +o(t) _Tk(dl))a fegan) (t- k(dl))a
+j[qo<t)—( 020 ]Hz(dl,t)dt

bka(&l) 1~ By r b* -a“

+ + 1

p - HZ(dl’Tk(ﬁl)ﬂ)—é‘ -1 Z H,(d,,7)
Ay ()41 (Tk(51)+1_ ) I=k(&;)+2 .

(71 z])m
+H,(d,, 6,)w(4,) (26)

Dividing (25) and (26) by H,(d;,c;)and H,(d;,d;) respectively, then adding them, we get

1 & ~ I’(t) ~ t o+l
Hl(5.,cl){A [QUH, (t.c) ]+ f[qo(t) (@ 1) h(t.c,) ) }Hl(t,cl)dt]
; 4 dy ~ r(t) B o+l
+ Hz(dl’Sl) {ASI [Q(t)HZ(dllt)]_l_g[[qO(t) ( 1)a+1 2( 11 r(t) :le(dl,t)dt}

< 0% [H. (6, )

H(é, ) M e+ H(dl,é)

which contradicts (6) for j =1. This completes the proof when x(t) is positive. The proof when x(t)
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is eventually negative is analogous by repeating a similar argument on the interval [c2, dz].

Remark

When p(t)=0 and of(t) =0, Theorem 3 reduces to Theorem 2.8 of [9] and

when p(t)=0, Theorem 3 reduces to Theorem 2.1 of [14].

3. EXAMPLE

Consider the following impulsive differential equation

, , sin® mt sin’ ity |
x(t)+p(t)x(t)+v1q1(t)®5(x(t— 3 )J+v2q2(t)®l(x(t— )]—e(t),t;trk o7

2 2 3
X(t,")=ax(t,), X(t,")=bX(z,) t=1,k=12,..,

(t—8n)°, t €[8n,8n+3]
where  p(t) =q,(t) =q,(t) =+ 27, te[8n+3,8n+5]
(8n+8—t)°, te[8n+5,8n+8]

—-8n)*(t-8n—-4)}, te[8n,8n+4 .
e(t):{(t 8n)"(t—8n—4), €l +4] v, and V, are positive constants,

(t—8n—4)*(8n+8-1)% te[8n+4,8n+8]’

3
T Ty =8N+, 1

5
2 n12=8n+—, T

11 13
s=8n+=,1 ,=8n+—,b >a >0, k e Nare constants.
' 2 ’ 2

Herer(t)=1 a =14 = g B, = % Choosen, = é,nz :% then n, = % So the conditions of Lemma
(1) are satisfied. For any t;>0, we can choose n large enough such that t, <8n and
[c,d,]=[8n+18n+3],[c,,d,]=[8n+58n+7], 5, =8n+2,5, =8n+6. It is easily verify that zero
points of interval delay function D, (t)=t-T1, —(sin®mtt)/3 are t ~1.709 € (c,8,] ,

t,~2.709 €(5,,d], t, =5.709 € (c,,5,] , t,~6.709¢€(5,,d,] . The variable delay function
o(t)= %sin2 it satisfies0 < o(t) <o =%. Also conditions (C1), ((_31), (Cl)and (A5) are satisfied.

For tefc,d], let  H,(ts)=H,(ts)=(t—s)> .. H,(t,c)=(t—-8n-1)° H,(d,t)=(8n+3-t)’
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2 2 2
= = =— = — h G ) = s ,(0,1))=———.
H,(8,,¢)=H,(d,8,)=1.  h(t;s)=-h,(t;5) ) (t.c;) 8D h,(d;.1) @31

QMH, (t,c,) = ﬁ (t-8n)°(t-8n—4)7" K—) (vl)“(vz)“(t—8n)2}(t—8n—1)2

= 3(v,v, )3 (t —8n)* (4 + 8n—t)(t —8n —1)?

6nid 3 sin®xt
) > t-8n+——
AZ[QOH, )] = | 2 3 3 3(v,v,)"3(t —8n)*(4+8n —t)(t —8n —1)2dlt
8n+1 t—8n+—
2
8n+1.709 t—8n- §
+ | 2 3(v,V,)"*(t—8n)° (4 +8n—t)(t—8n —1)°dt
3 3 sin“xt
8r|+E bnyl(t—8n—*+ )
2
]
8n+2 t—8n—§—sm 7t
+ | 2 3 3 3(v,v,)"3(t—8n)°(4+8n —t)(t —8n —1)2dt
8n+1.709 t— 8n I
3 sin’ 3
S us o v (U= D)UY (4-u)(u -1
=3wy,)"| | —2—2— @ @-uu-n'du+ [ —2 — du
1 usl 3 3 sin’zu
2 2 bn‘1(u_7+ )
_§_9nﬂu
+ j —2 3 (u)@-u)(u-1)’du
1.709 u_f
2
0.2304 0.2304
=3(v,v,)"” {0.2588 + + 2.3630} =3(v,v,)"? {2.6218 + }
nil n,l

o
ﬂqo(t) G h(t,c o

8n+2 1 2 3 5 2
ZBL[O_Z{G—Sn_D_a‘SW:}}G—Bn—n dt

1°f 2 3 i 2 40
:_Z!H(U _1)—u } ](u—l) du =-1.3427.

) 1
H.(8,.¢)

}Hla,q)dt

r(t)
( )oc+1

h1( 1__

[Ag QO t.c)]+ | {qo“) r(t)
¢

) ]Iil(t,cl)dtJ
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0.2304

=3(v,v,)" {2.6218 + }—1.3427.

nl

Q(t)H,(d,,t) =3(v,v,)"*(t —8n)*(4+8n—t)(8n +3—t)°

oS ¢ _gn_ 3 sin’ 7t
® ¢ _gn_3_
A[QMH, D)= | 2 33 3(v,v,)"3(t —8n)* (4 +8n —t)(3+8n —t)°dt
8n+2 t—-8n——
2
8n+2.709 t—8n —g
1/3 3 2
+ j5 : 5 s 3(v,v, )3 (t —8n)° (4 +8n —t)(3+8n —t)*dt
83 n,2(t_ n_E"' 3 )
5 sin®xt
g3 t—8n———
4 j 2 53 3(v,v,)"3(t —8n)° (4 +8n —t)(3+8n — t)2dt
8n+2.709 t — 8n —
H
Sy _sin 2s (U= 2)(U) (4—u)(B—u)’
=3(ny,)"| [ —2 U @A-u)E-u)du+ [ —2 ———du
2 u—§ 5 (u_7+sm 7ru)
2 2 MY 203
5 sin’zu
s U——-—
+ 2—53(u)3(4—u)(3—u)2du
2.709 u——
2
=3(V,V, “{4.6324+ 01785 6.1002 =3(vv,)"? {4.7326+ 0'1785}
n,2 _ n,2
t r(t) JOI
t) - h(d, t)-—2 [H,(d,t)dt
J:{qo() (a_"_l)ou-l 2( 1 ) r(t) 2( 1 )

8n+3 1 2 \ 2 ,
ZSizl:O—Z{m—(t—Sn) j| }(8”4‘3—0 dt.

- __IH__U H@—u)2 du = —6.6118.

d

1
m( (t)H (d1’t) +Il: (t)_ 1)a+1

8

}Hz(dl,t)dt]

R0 ()
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0.1785

= 3(vy,)"° {4.7326 + } —6.6118.

n,2

Since I =1 then the right side of the inequality (6) with j =1 is

I le[Hl(.,Cl)]-l- I le[Hz(dll')] :|:bn,1_an,1:|+{bn,2_an,2:|'

Hl(é‘l ’Cl) B HZ(dl’§1) » 4an,1 4a‘n,2

Thus (6) satisfied with j =1 if

2304 047 b,-a,| [b,-a
3(v,y,)"° [7.3544+0b30 2 85}7,9545{ s M}{ 2 2}
anl a

n,2

n,l n,2
In a similar way, the inequality (6) satisfied with j =2 if

0.4714 0.0493 b,, -2 b,-a
3(v,v,)"*| 7.1185+ + >12.8608+| i || Tnd_Tnd |
b 4a_, 4a

n,4

n,3 n,4

So, if we choose the constants V,,V, large enough such that

2304 0.17 b,—a b —a
3(v,v,)" {7.3544+ 0 b30 2 85} > 7.9545+{ ”‘; ”'l}+{ "2 ”'2}
anl

4a

n,1 n,2 n,2

0.4714 0.0493 b,, —a b, -a
3(vv, ”{7.1185+ —+ }12.8608{ “’Z “’3}{ “:‘1 M}
an3 a

n3 n,4 n,4

Then by Theorem 3 equation (6) is oscillatory.
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