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ABSTRACT

We present oscillation criteria of second order nonlinear interval forced differential
equations. These criteria involve the use of averaging functions. Our theorems are stated in general
form. We are interested in obtaining results on the oscillatory behavior of solutions of the second-
order nonlinear forced class differential equations. Our results are based on the information on a

sequence of subintervals of [t,. o=} only rather than on the whole half line.
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1.1 INTRODUCTION
Consider the oscillation behavior for the interval forced second-order non-linear
differential equation. [m()W(y(ENG(y (€] + r(g) fly(e) ) = el .t = ¢, (1.1.2)

Where the functions
m,r,e € C ([ty.00), R).andp. . f € C(R.R).

Throughout this paper we shall assume that

i).m(t) = 0,t = tp.and Yly) = 0,yf () = 0 forally = 0;

ii). @ be continuously differentiable and satisfying

()= < yyely)

for some constantse = 0. 3, = 0 and for all ¥ € R.
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We will find that equation (1.1.1) can be considered as a natural generalization of the
following differential equation. ¥" (£} + #(E}f (v(t)) = e(t)t =&, (1.1.2)

(m@y' ®) +r@y@) = et 2t 113)
() Iy @72y @) #(O)ly® F2y(t) = a(t).
g=01t=zat =§, (1.1.4)
The more general forced second-order nonlinear differential equations of the form
(W EN I Ty () + r(EF(r(E)) = e(t)t = & (1.15)
In this paper we will give some interval oscillation criteria for Eq.(1.1).Equation (1.1.1)

through some new averaging functions

H(t.s) & C(D.R)yyhich satisfy

i)H(t.t) = 0.H(t.5) =0 fort = =

. . .. 8H 2H
ii). H has partial derivatives a—':and a—:on b,

Such that

E = h’l ':t_. S:] -\.'IH'&.- 5:]
dH r—
=0 = ~ha(t ) HIE )

Where D = {{t.s)ity =5 = t = oo}, hy, h, € LID,R*).

1.2 f(x}BE MONOTONE INCREASING
The oscillation for equation (1.1.1) is
[m@®w(y®)e(3'@)] + @ fly@) = el ¢ = t5

under the assumptions.

i)m(t) = 0.t = tyand wly) = 0,9f(y) =0 for all ¥ = 0.
ii) @ be continuously differentiable and satisfying
il
lp Gyl = < yyyp(y)
for some constantse = 0,3, = 0 and for all ¥ € R.and the following assumption:

(]
iii) £ () exists, yf(y) = 0 for y £ 0 and —L—— = 3, = Ofor some
[yl fiyd|e—zF

nonnegative constant ¥z and for all ¥ € R/{0%.

1.3THEOREM
Suppose
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i).m(t) = 0.t = tyandw(y) = 0.yf(3) =0 forally 20,
ii). @ be continuously differentiable and satisfying
o)l < yiye ().

for some constantsa = 0.3y = 0 and for all v € R,

iii).f' () exists, yfy) = 0 for y =0 and )

(i fiyil=—t1=

nonnegative constant ¥ and for all v € R /{0% be fulfilled and for any T = £g,there

existT = @, < b; = a; < bysuch that

t e lay. byl

=0
e(t) I:: 0. telay,b,l,

(1.3.1)
If there exist some ¢; € {a;. b;). i = 1.2, H(%. 5)satisfying
a) Hit.t) = 0.H{t.s) =0 fort = s
b) Hhas derivatives% and %I‘Jﬂ D
Such that

H - . L.
E = h']_{t.l s:]".‘.'l-H{t.l S:]JE = _h: l::t.l 5:]".‘|'Hl::t.l 5:]

And a positive function g € ¢'([T,. =}, R J.

Such that

oy

I [H w15, g (s pls)

()

N mm{ﬂﬂiﬂﬂfﬂ'ﬁ& a[]] ds = 0,

By

[ [H =1 (., Shr(s) p(s)
(w¥)*

N mm&]!ﬂ{ﬂﬂ:“i(&[, s]] ds = 0,

Fori =12 wherey =2

Fa

H, (¢t s) = |(a + 1D, s)/HE 5) + Hﬁﬁ]%*
H,(t,5) = |la + 1)h,(t, 5)\/H{t, 5) + H(t. 5) D
2t 2\ STy AT " p(s)

Then equation (1.1.1) is oscillatory.
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PROOF

Given,

mB) (v @ )e(v @) + r@f(y@) = et 2 ¢,

To prove,

The equation (3.1.1) is oscillatory.

Now we take a contrary assume that. The equation (1.1.1) is no oscillatory. Suppose ¥ (£}
be a non oscillatory solution of equation(1.1.1).Let y(t} = 0 on [T,. =) for some

sufficiently largeTy = £;.

Define
m By (£)a(y' ()
w(e) =p() TR o,
(1.3.3)
The differentiating (1.3.3) and we have using the assumption condition.
e a(t) pE)m()wl(v())
w'(t) = —r(B)plt) + 60 }p(ﬂ T AGO)
@l @) 60+ 2wt
= —r(Dp(®) + %pm - %L'_
ot (m(£)p ()2
p'(#)
+ Ew [t

(1.3.4)

By the assumptions we can choosea;. &; = T, for i = 1.2, Such that 2(£} = 0 on the
interval I, = [ay. by] with &y, byand ¥ (t) = 0, or e(t) = 0 on the interval
I; = [az. b;]and y(t) < Donthe

Intervals!y and I3, (1.3.4) imply that w(t} satisfies.

@)
1 |wlt) =

w' () = —r(®) () — +22(0(135)

(mitple))=

On the one hand, multiplying H #**{t, sJthrough (1.3.5) and integrating it (with t replaced
by S) over [c; tifort € [c;. by} £ = 1.2, by using assumption condition, we have for

5 E [ent)
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t

[ B2 @) pe)as

i

t
= - J‘H“l{ts:lw'{sj ds

L

t
e p'(s)
- rJ‘ H®* (g, 5) _.-:.r{s] wis)

w () ]
——————|ds
Y(mls) p(s) )=

t

= H® Yt e dwle) — f

T

(e + 1IHE(E s hy(E, 5)
JHE shwis)ds

L

A p'(s)
+IH L 5} o) wis)

e () ]
- ds

¥(mis) p(s) }%

= HOMHE oowlc)
iy

+

oy

HE(¢, s)H, (¢, s) lwis) |

E+1 i)
_Lt’s]i hwls) IT]ds.

T{m{s] pls) };

(1.3.6)

For a given tand s set

a+1 i

v e, vzl
Y(mp)=

F(V) = H®H, —

i s B A B
Because of F' (v) = HeH, — =% .= and F()obtains its maximum at

cY(mp)E

o { &Y Hy )“ and
V= MO\ e/

10
[E+1)=FL

Fv) = Frgs =

m.lgH:I:'+l

(1.3.7)
Then we get, by using(1.3.7),
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t

[ B2 @) pe)as
L < B owlc)
(aY)®

L
t @t et J‘ mis)p(E)H, " (¢, s)ds

(1.3.8)
Letting £ = &;” in (1.3.6), we obtain

[ B, 9r@ o) as

L

= H E':-EJ[J E‘[j W':C'[:]

(aY)®

N A g+l
* (o +1)&+t J‘ mis) pls) H, """ (b;, s)ds.

(1.3.9)

On the other hand, if we multiply H%**(z, £} through (1.3.5) and integrate it (with t

replaced by s) overl(t. c;lfort £ (a;. c;].i = 1.2, instead by using assumption condition, we

have for 5 € (t. ;]

B

[ H=s 0r@p@as
t
= —[Hﬂi{s, Dw (e ds

3
i o)
+er 60 [Ew®

@I ].:;
?{m{s] pls) };
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= —H% g, thwlc)

+ [ @+ DR OGO VHG D) ds
L
+er 60 [Ewe

@I ].:;
T{m{s] pls) };

= —H** e, tdwlc)

Li

<

t

H%(s, t)Hy (s, £} lwis) ]

o+l —
— H—{S;ﬂi |1.-1-':5:] |T

Y(mis) pls) )=

as

= —H¥ e, wle) + — [l p()H, % (s, ds

[g+112+1

(1.3.10)

(We get the final”= " in (1.3.10) by following the proof of (3.3.8).

Letting t — a;* in (1.3.10), it follows that

[ B a ) peas

= H® e a 0wic)

{aT:]E. ¥ o+
+ WJ‘ m(s)p()H, 5 (s, q;)ds.

(1.3.11)
Finally, dividing (1.3.9) and (1.3.11) by H**(b;, c;} and H***(¢;, ;) respectively, and

then adding them, we have the following inequality
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1 A
D [ B (s, 0)r(5)p(s) ds

B;
1
e — 1
t gy ) B e ImE ) ds
Ci

1 (a)® ¢ e+l
= Hc+1{ﬂi* a[j ':I:t + 1:]':'"1 J‘ m':s] _I'J":S:]Hj_ {5; ﬂ-[:] ds

1 (eY)®
Hert(hg, o) (o + 1)2+1t

N [ m©p@r,=*0, Das,

(1.3.12)

Then

Lp

| [H‘”"{s, 2 (s p ()
‘ ()
- ':Et + 1:|r:+1.

By

| [H @+1(, Shr(s) ps)

(e¥)e
T ':Et + 1:| Z+1l

ms)pls)H o (s, u-l-]] ds'< 0,

M pE)H; (b, 5)] ds < 0
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Which contradict to the condition(1.3.2).Hence the equation (1.1.1) is oscillatory.

oy

I [Hmn::s, 2 ) (5)p(s)
" (r)*
- (e + 1)e+t

By

1 [H w1 (3, hr(s) pls)

(aY)®
- (o + 1)e+t

Hence the proof.
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CONCLUSION
Throughout this work, we discussed some definition and theorems on oscillation criteria of second order non
linear interval forced differential equations and then we discussed monotone increase and monotone decrease

estimate. Finally we establish that, when the second order non linear interval forced differential equations is

oscillatory. We proved the equation of monotone increase and monotone decrease is oscillatory.
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