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ABSTRACT

In this paper, we obtain some oscillation criteria for the first order delay differential equation with X (t) + p(t) X( 7(t))
=0, t >t By applying these results, we also establish some integral conditions for oscillation of the higher order

delay differential equations.
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I. INTRODUCTION

In this paper, oscillation criteria are established for first
order delay differential Equations. Delay Differential
Equations are one of the most powerful mathematical
modelling tools & they arise naturally in various
applications from the life sciences to engineering,
physics, etc., the oscillatory behaviour of the solutions of
first order linear Delay Differential Equations has been
extensively studied in recent years.

The qualitative properties of oscillation of the solution to
the linear delay differential equations for P, 7 € C {[to,
), R}, R" =0, 0)

X (8) +p(t) X((1) =0, t> 1t
And X +p @) x(t-17)=0,t>te-—- (1.2)

Where p(t) > 0 & (t) is piecewise continuous and t(t) is

a non — decreasing, 7(t) <t for t >ty and lim;_,,, 7(t) =
e 0]

For (1.2) the function T defined by T(t) =t —7(t), t > 0,
is increasing such that

limg_0 T(£) =

As is customary, a solution of (1.1) (or) (1.2) is said to
be oscillatory if it has arbitrary large zeros.
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The following assumptions will be used throughout this
paper, without further mention.

Let the numbers K & L defined by
1 . t 1

K =lim,_,, inf fT(t) p(s) ds >~

L =lim_e SUP f;(t)p(s) ds>1

_1,2
Also L = lim_,e, SUp [ p(s) ds 3%

®P
H0<k<§

1-k—V1-2k—k?
L>1- —

L> Iy x+1
X1

and

Where x; is the smaller root of x = >

_ x[x(®)]

Set w(t) = e (1.3)

Also W(t) = exp [ P(S)W(S) ds -----r-mremvees (L4)
O] e

FO =0 (1.5)

LEMMA: 1.1

Suppose that k>0 and Equation (1.1) has an eventually
positive solution x(t) then k < é and x; <liminfw(t)

t—>oo

< »,Wwhere X, is the smaller root and x, the greater root
of the equation » = e*>,
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PROOF:
x(z(®)

Setw (t) = s

Let @ = lim;_, o infw(t)

From (1.4) we have sufficiently large‘t’

a > exp ka

Which is impossible if k > 2

Since, this case X < e v x

= (1.1) has no eventually positive solution if k > é

Now,

if0< kgéthen = e®> has roots x; < %,
(With equality x;= x, = e & k=)

And a > ek &x; <o <,

~nglimese iInfw () <,

LEMMA: 1.2

Let0<k< é and x(t) be an eventually positive solution

of Equation (1.1). Assume that there exists 8 > 0 such
that
Jrea F(s)ds > 6 f F(s)ds for all 7(t) < u < t -re-neve- (A)
. 2
Then limg_,e sSup w (t) < oo --- (B)
. _ ek 10k-1
Where B is given by B = o167 ©

And x, is the smaller root of the equation x= e*>
PROOF:

Lett >ty > 1 be large enough so that 7(t;) =t

t1 [ .
§ = [, F(s)ds < [ P(s)ds , where 0 <& : k is
arbitrary close to k

Integrating (1.1) from t to t;, we get
X() = x(t) + [ P(s) x(x(s)) ds

And F(s) = %

X(@) = X(t) + [ F(s) u(s) x(x(s)) ds
Integrating (1.1) from z(s) to t for s <t;, we have
X[E(&)] =XO + [ 5y Pa) X(x(w) du
=X(0) + [ FQ) u(u) X(r(w)) du
Combining last two equalities, we have

X(W®) = X(t) + [T uls) (XO) + [ Fa) pW
X(t(w)) du) ds -=--- - (1.6)

Let 0 < X\ < X1, then the function

@ ® = x(t) e [ F(s) ds
decreasing for large t > t,

Since x(t) also decreasing

x(z(t))
x(t) >T

Sinceu(t)>1fort>t;>1

From lemma (1.1)

Then u(t)x((f)(t))
0=x" (1) + F(t) u() x(z()) > X" (1) + » F(t) x(t)

= ¢(t) <0 for sufficiently large t substituting into (1.6),
we get for sufficiently large ‘t’ the inequality

> X for all sufficiently large ‘t’

x®) > xt) + & x(t) o+ fttl F(s)
(frt(s) (W) p(rw))e ko FEE du)ds
2 x (W + & xO + o O o O
[ (Jly Faw e [50 p()ag au)ds
=X(ty) + 5 x(t) N p o
o (1)

. T@® t1 F d
e xfm F(s)ds ft F(S) (f‘r(s) F(u) e r(u) €3] Edu)dS
From (1.7)

x( > x(t) + & x®) + p (O x( v (1)
fttl F(s) [f:(S) Fue” o F(f)d"edu]ds -------------
(18)

In view of (A) We obtain

'[L'(S) F(U) e T(u) F(f)dfdu > f( )F(u) ex@f F(f)dgdu _
1 >\9f (S)F(f)df 1

NG

(t)
k R (s) ([ P 0 O ) ds >

f F(s)e >‘ef(s)F(f)df

xe
J' F( )exef(s)F(f)df x@ft F(S)dfds
>\9 t1

=5 08 [t -0 [PF(&)a¢
>—+— J, F(s)e t ds

_ -8, e —x0 [T F(&)aE
T N0 (»0)? (1 —¢ ‘ )
_ —6 exGé’ _ 96

) (»6)2 ( e > )
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:;_g ::T)z(e—xea_l)
From (1.8) yields
X(t) > x(ty) + 8x(t) + B” u(t) x(z(t))

»05_ 505-1

*_ e
Where B = 0L
From (1.9), we have x(t) > d; u(t) x(z(t))
_ B
Where d; = vy
Observe that x(t;) > d; u(t1) x(z(tl)) > d; x(t)
Since u(t) >1fort>t;>1
~ (1.9) = x(t) > do u(t) x(z(t))

*

Where d, = T di-s

Using | derivative procedure, then
X() > dues gy X(z (1)

Where dn+1 = T—dn—s' n=1, 2, 3, ....

It is easy to see that the sequence {d.} is strictly
increasing and bounced

= limo, d, = dexists and Satisfies  d*— (1 —&)d +
B'=0

-+ {d.} is strictly increasing it follows that

d= 1- 6—/(1-6) 2—4B*

2

Observe that for large t one has

x(t) S 1=6- J(1-6)2-4B*
pr® x(x(®) — 2

And since 0 < § < k is arbitrarily close to k, by letting
X—Xy, it leads to (B)
The proof is complete.

REMARK:

Assume that 7(t) is continuously differentiable and that
there exists 6 > 0

F(z(®) ') > 6 F@
eventually for all t.

Then it is easy to see that (1.10) implies (A)
The function

V() = fi F(s)ds - 0f F(s)ds T(t) <u <t

satisfies the conditions v(t) = 0

And V'(u) = - F(z(u)) t'(u) + 0 F(u) < 0
If F(t) > 0 eventually for all ‘t” and

FEO)TI0 g 5 g

lim;_,q, Inf O

Then 0 can be any number satisfying 0 <6 < 6,
LEMMA: 1.3

Assume that (1.1) has an eventually positive solution
X(t). Set

B(H) =max {ZL () <5 <t}

xt(s)’

(©

Then lim,_., inf B(t) >
PROOF:

Assume for the sake of contradiction that (C) is not true.
Then there exist an increasing sequence {t,} with t, —o
as n—oo such that

limy e B(t) = limy e infB(t) = pu <=

For a given “€(u, %), there exists an integer N>0 such
that

B(t)) <x, n>N

. In X2
Since -x I, x < =k,
X2

It follows from the definition of k that there exists an
integer N; > N such that

f:(t)p(s)ds > Ign, >ty (1.12)
x(t)
Next we prove that e SN R (1.13)

In fact, if (1.13) is not true, then by (1.11) there exists an
integer n; > Ny and T with t,; < T <ty + 1 such that

x(t)

) <xforte[t(ty), T) &
x() _

@)

By (1.1) we have

x(z(t))
x(t)

ds<lI,

e ps)ds = 7 20 BT <> Iox

T(8) x(z(s))

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



Which contradicts (1.12) and so (1.13) holds.
(D) _
x(t)
Which contradicts (lemma 1.1)
The proof is complete

LEMMA: 1.4

We have lim;_,,, inf=—= x( =lim,,o inf W(t)> > XN)

If lim;_,, Sup ftHﬂPi(s)x (s- 7i) ds < 0O, for some i,
and x(t) eventually positive solution of x(t) +

L pi(t)X(t- Ti) = 0, then for the same i,

x(t— ti)) <
x(t)

lim, e inf (1.14)

PROOF:
There exist a constant d > 0 and a sequence {tc} such
that t,y — oo as k—oo and

ftk+$l Pi(s)ds >d, k=1.2..
For all & €(ty, te+ti) for every k such that

[ IO EEY T p— (1.15)
Jeo T Pi(s)ds > dr2
Then X (t) + P(t) X(t — 7i) < 0 -----e-fos (1.16)

Eventually

Integrating (1.16) with [ty, £k] & [Ek, t + Ti]
(1.16) =[5 x2(dt + [*F Pi(e)x(t— i) dt < 0
= () 158 + [3X Pi(s) x(t—i) ds < 0

=X(E) — x(B) + [ Pi(s) x(s —7i) ds < 0
And

(1.17)

ftk +Ti

X(te + i) - (&) + Pi(s) x(s—ti) ds <0 ---- (1.18)

By omitting first term in (1.17) & (1.18) by using the
decreasing nature of x(t) and (1.15),
We find, (1.17) =

—X(6) + [ Pi(s) x(s i) ds < 0
= — X(t) + $X(&i1i) <0
(1.18) = X(§) + 5x(ti) <0
(OR)
x(&k—ti 2
e (1

( x(§K)
This completes the proof

THEOREM: 1.1

Consider the Differential Equation (1.1) and let L<1,
O<k<§ and there exists 6>0 such that (A) is satisfied.

L+l 1-k—/(1-Kk)?-4B (D)
1 2

Where x; is the smaller root of the equation x =e*> and
B is given by (C). Then all solutions of (1.1) oscillate.

Assume that | >

PROOF:
Assume, for the sake of contradiction,
eventually positive solution of (1.1)

that x(t) is

Let o be any number (%, 1)
1
From Lemma (1.1), there isa T, > t, such that

x(z(t))
x(t)
x(t)

x(z(t))

>0 xng, t>T) (1.19)

O'M,tle

---- (1.20)

x(t)

Where M =1lim;_,,, inf pra

Now lett > T,.

x(T(®))

Since the function g(s) = )

ga®) =1<ox,
g(t) > o %,

is continuous,

Thereisat (t) € (z(t), t) such that
x(@(®) _
ey 07t

Dividing (1.1) by x(t)
O | POXE®) _g
x(t) x(t)

Integrating from 7(t) to t'(t) & use (1.19)
O, [FOPEIE) 4o - g

“he) 29 T e T e
£ () t*(t) x1(s)
£ (6) x1(s)
= (030 [ p)ds<- [ P EE

t*(t) t* () x*(s)
= Jiy P(s)ds < (_ K) o s 98
_ t* () x*(s)
(crxl) fT(t) x(s)
( ) In[x(s)] 2(8)
( ) In x(x(£)) ~ In X(¢*(£))

1) (5w
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= (ﬁ) In (6 %)

t*(t) _
fr(t) p(S)dS -

In (ox1)
(ox1)

(1.21)

Integrating (1.1) over [t™ (t), t] and using (1.20) and
x(t(s)) > x(z(s)) if s < tyields

t x(t*(t)) x(t)
ft*(t) p(s)ds < ( x(r(t))) ) (x(‘r(t)))

“ i (o)

(1.22)

(1.21) + (1.22) =
t*(t) 1 1
fT(t) p(s)ds + ft (t) p(s)ds . (o—>\1) t—-

- (ox1) ox1 oM
(s)ds <

In (oxq)+1

o M

= T(t) p
Letting

t
t—>00 fr(t)p(s)ds <
< In (ox1)+1
(ox1)
Lettingo - 1

| < In (ox1)+1 M
(>1)

In (ox1)+1

o M

-oM

The last inequality, in view of Lemma (1.2) contradicts
(D) Hence Proved.

THEOREM: (1.2)

Suppose that | tt”
and

I p@ In (e f, " p(s) ds )dt =
(E)

Then every solution of x'(t) + p(t) x(t-t) = 0 oscillates.

p(s) ds>0 for t > t, for some t, > 0

PROOF:
Assume the contrary.
Then we have an eventually positive solution x(t) of X (t)
+p(t) x(t-1) = 0
So, x(t) is eventually monotonically decreasing
X1
x(t)
Clearly for large‘t’,
continuous and

X(t) = x(t;) exp[— fttlx (s)ds] where X(t;) >0 for some

t1>t.

Let =

function X(t) is non-negative and

Also X(t) satisfies the generated characteristic equation
() = p(t) exp[ [N (s)ds] (1.23)
We can easily show that
e™ > x + ln(rer) for r>0
Thus (1.23) becomes
(1) = p(t) exp [A(t) o [ (s)ds]
Using (1.24)

(1) > p(t) [ﬁ S~ (s)ds +
Where A@t) = [ p(s) ds
Then

A®) 7(®) > p(t) f,_ ()ds + p(t) In(e A))

(1.24)

In(e A(t))
A

z(t) ;" p(s)ds > p(t) [_x ()ds+ p() In [e [
(s)ds]

7(®) ;" p(s) ds - p) [_x ()ds > p(t) In e [
(s)ds]
Then for N > T & integrating

R® [Tes)yds - [TPE) [Lx(s)dt >

[YP() In [ i P(s)ds]dt
Consider

Iy PO [ (s)dsdt > [ ([ p(oye(s)at )ds
(By interchange of order of integration)
= [ (s) [2 T P(tdt ds

=77 (@ [T P(s)ds dt (1.25)
Using (1.25) in (1.24) =
L) [TP(s)ds dt - [ () [T P(s)ds dt >

[YP() In [ ftHTP(s)ds]d

> [0 x@® [[TP(s) ds dt > [[P@®) In

[e fttHP(s)ds]dt

We have ftt”i Pi(s)ds<1,i=1,2..n

> foor @2 [T P@) In[e [ P(s)ds|dt

S ‘;“;()t) > [ P(®)In[e J/*" P(s)ds]dt
>-[Inx(ON—c >[5 P(t)In [e J;" P(s)ds]dt

> Ix(N-7) - Ix(N) > ['P@®) I

[e ftHP(s)ds]dt

:>1n"(” ’) > [V P@©) In [e [} P(s)ds]dt-—---- (1.26)
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Given [ P(t) In|e [ P(s)ds]dt=co

by (E)
~(1.25) =

limt—mo xit(;;) =

(1.27)

Now (E) implies that there exist a sequence {t,} with t,

—o00 as n—oo such that

th+t 1
[ p(s)ds >=foralln

tn

Hence by lemma (1.4), we obtain
limi x(t—1)
tl—g})lnf x(t)

This contradicts (1.26) & completes the proof.

THEOREM: 1.3

Assume that 0 < «x < 1 and
li { min
Mg, SUpP () <s<t

------------------- (F)

Then all solutions of (1.1) oscillate.

T4l 1

[fop(Odg) > -

1

PROOF:

Assume, for the sake of contradiction, that (1.1) has an
eventually positive solution x(t).

For given 6 € (0.1) by lemma (1.3)

@)

t
fr(t)p(s)ds > 0 & e 2

31

For all sufficiently large t, and consequently for t(t) <s
<t

x(z(s)) _ 7(t) X(T(f))
x(s) f (5) p($) x(§) d¢
x(z(s))

TR > exp (07 [y p(O)AE) 2 e exp((1 -
0) o+ 0 %y [y P(£)dE)

> 0D exp(ny [ P(§)AE) wwemmmmmmmmmmmmmmmmeeeeeee
-------------------- (1.28)

since [, P(§)d <1

Integrating (1.1) from t(t) to t & using (1.28)
1
f‘r(t) (S)dS +f(t)p(5)x(‘[(s))ds _0

x(s))eqe) * [y P()xX(2())ds =0

X(O) = X(@(0) + [, p()x(x(s))ds =0

X(@(t)) - X() = [,y P()x(x(s))ds =0

> e~ DM x(x (1)) [}, p(s) exp(ny f:((st))p(f)df)
x(T®) 2 X + @M x( (1) f(t)p(s)

exp(>\1 f-[(s) p(f)df)

1 0> XO®
x(T(1))

exp(ny [y P(£)dE) ds

e (0-1)n;

X( 7)) [ P(s)
------ (1.29)

Let t be large enough so that

th(t) p(s)ds > 0a

There exists t” € [7(t), t] such that frt(*t) p(s) =0a
Thus

[ P(s) oxp(ny [10) p(£)dE) ds >
[ p)ds + i p(s) [exp(na [18 p(£)dé-1)]ds
= f;(t) p(s) ds + frt(*t) p(s)
[ Uiy p(9)de = 170 p()d)} -1 as

> Jl o p(s)ds + 0 [1 p(s)exp(ny [ p(£)dE)ds
- B
= [y P(s)ds +
Substituting this into (1.28) we have

e — (1+00cxq)
N

QNI I eP1- (146229
>x(‘r(t)) te ! [ff(t)p(s) ds + 1 ]
e(O-Dry w > e®-D™1 B(t) + min

1
S P(E

Taking superior limit as t—oo & using lemma (1.4)

%01 (1+00cxq)
~1

limeosup(e® D1 B(t) + min [ p(£)d§)
6-1
> ~ e( ™ 4 tl]_)IgSuP {mlnf(t)ssst fr(s) p( f)df}

e (O-1)x; _

v

Since 0 < 0 < lis arbitrarily close to 1
We let 6—1
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Then  limsup {mingeyssee [ p(OAEf <
1-e™1— (140X q) 1

¥ !
_ 14Inx; 1
- ! ~2
Which contradicts (F) and so the proof is complete.
Hence Proved.

N2

II. ON OSCILLATION PROPERTIES OF DELAY
DIFFERENTIAL EQUATIONS WITH A POSITIVE
AND A NEGATIVE TERM

Delay differential equations having forms
x'(H)+P (1) X (t-7)-Q (t) X (t-0)=0, t= tg------------

And [x(t)-R®)x(t-p)]" + P(t)x(t-7)-Q(t)x(t-0)=0,
where P, Q, R € C([tg,0),RT )and t,0,p = 0

t> t,

The following assumptions will be used this
without further mention
Eq.(2.1) is oscillatory when

T=>02>0

p>qg>0

q(t-0)<1

(p-0) >(1/e)(1-q( — o))

chapter

Under conditions
lim_ inf [,__P(s)ds> (Lle)
lim,_,., sup ftt_ ,P(s)ds>1

LEMMA: 2.1

Assume that x (t) is eventually positive solution of (2.1)
holds. Then for ne N eventually positive z(t) in

z®=x-f_ ., Qs)x(s—0)ds
satisfies

Z(t) + P(t) X1 Q; (t-7) Z (t7) < 0
eventually.

PROOF:

Assume that x (t) is eventually positive solution of (2.1)
Then there exists a ty =ty such that x (t)>0 for
t>t,

Sett, =max {t; + 7, t}

Since

Z(1) =X - fi_ 1, QS)X(s = ) ds-rrmmrrmmrenams (24)
Satisfies zZ'(t) =0 ,z(t)>0
We have 0<z (t) = x (t), t > t,
From (2.4)

x®=z®)-f_ ., Qs)x(s—0a)ds t>t,

2O+ f, ., Q(sDiz(ss
o)ds,]ds;=x(t),

—0) + :11_ r10 @(s2)x(52 —

2t2+0'

Since  Z'(t) <0 we have

x (O = 2tz t-o ) [, Q(s) ds
i g @D [ L, Qlsz — 0)x(sy — 20)dsyds,
= 2(t) [1+ Ji- 040 ()
ds] i e @D [T, Q(s2 — 0)x(s -
20)ds,dsq
=2()[Qo (&) + Q1 W1+ f_ ,,, @G ;- ,, Q52 —
0)x(sy — 20)ds,ds,
x() =2t Yo Qi )+ [, Qs [

s1— T+0
0)x(s, — 20)ds,ds; fort > t,+o

Q(sy —

Repeating the above procedure for n-times, we have

200 B0 Qi+ [ 1y @CsDevn [T

X(Sp+1-(n+1)0)ds,yq...... dsg < X(1)
(or)

2(t) YL, Qi(t) < x(t) fort > t,+na

Since Z(t) +P(t) X (t-¢) =0

We have, Z'(t) +P(t) Y1 Q;(t- o) z(t-1) <0 ,t >

t,+n g+t by considering (2.5) and (2.6)

Hence proved

- Q(Sn+1 _na)

LEMMA: 2.2

Assume that all conditions of lemma (2.1) are held.
Furthermore, assume that there exists an ne N such that
a(n) > 1/e ---------- 2.7)

(Or) a(n) = 1/e, B(n) > 1- l—a(n)—W

(2.8) holds. Then every solution of (3) is oscillatory.

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com)



PROOF:

Assume for contrary that x(t) is an eventually positive
solution of (2.1)
Then in the view of (2.7) and (2.8) z (t) in x (t) -

ftt_ 10 (8 )X(s-0) ds cannot be an eventually positive

solution of (2.2)
This contradiction completes the proof.

LEMMA: 2.3

Assume that x (t) is an eventually positive solution of
(2.1) and 0< R(t)<1 hold. Then for ne N ,eventually
positive z(t) in z(t)=x(t)-R(t)x(t- p ) is a solution of the
following inequality Zz'(t)+ p(t)Xi o R; (t-T) z(t- T)=0

PROOF:

Assume that x (t) is an eventually positive solution of
(2.1)

Then there exists t; <ty 3>x (t) >0 for
t > t1 -7

z ()= x(t) -R(t) x(t- p ) satisfies z'(t) <0, 0 < z(t)

We have

O<z(M)=x({t-p)=x(), t=tq - (2.10)
z() +RO) Xt-p)=x(t), t=1t4

We have

z (O+R(O)[z(t- p )+R(t- p) x(t-2p)]=x(1),  t = 5 +p
and considering non-decreasing behaviour of z(t).
Z(O[L+ROIFROR(- p)x(t-2p) < X(1), t=>
ty tp

(ile) z (O ZicoRi() +Rz () X (t-2p) < x (1),
t > tl +p

Assume

z (1) Xizo Ri(t) +Rpiq () X (t-(0+1)p) < x (1), t=
ty tnp

(Or)

z(O) XicoRi() =x(O), t = ¢ty +np
-(2.11) for ne N

Since  z’ (t) +P (t) x (t-T) =0

We have
Z(t) +P (1) Yo Ri(t-T) z (t-T)=0, t > t; +np+t, ne
N from (2.10)

Hence Proved
THEOREM: 2.1
Assume that conditions of lemma (2.1) are satisfied and

Q(t) is a non-increasing function then if there exists ne N
such that

lim,_., inf [ P (5)io[@(s — T)(t— )] ds> 1le.

Then every solution of (2.1) is oscillatory.

PROOF:
_ 1 ,i=0
Consider Q: (t) :{ ftt_r+s Q(S)Qi—l (s—o)ds » O, ieN
Qo(H)=1
Q1 0=]_,,,0sds
= Q(t) (r— o)

Q: 0 =] .., Q()Q:(s — o)ds
>(t-0) [, ,Q06)Q (s—o)ds
> [Q(®)(t - 0)]?
Q; () = [Q(t) (T — 0)]", ieN for sufficiency
large t

Then

a (n) = lim,, inf [, P (I0o[Q(s —D)(t— D]
ds

But a(n)>1/e (by (2.7)

(i.e) (imgo inf [P (S)ZMo[Q(s — D)(t— D] ds >
1/e

Hence Proved
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THEOREM: 2.2 Every solution of (2.12) is oscillatory

CASE: 2 r=1
Assume that (2.2) holds. Then every solution of (2.1) is Thus
oscillatory. a(w0) =o0 >1/e
PROOF: ~ Eq. (2.12) is oscillatory

Hence proved
First of all, we calculate @; (t) functions
Clearly Qo) =1 III. REFERENCES
Q1 ()= J.,,,9Q0 (s-0) ds=q ( - o)

¢ , [1] E.M.Elabbasy, T.S.Hassan, “Oscillation criteria for
Q2 (V)= J,_,,,9Q1 (5-0) ds=[q(r — 0)]

first order delay differential equations”, J.30

Q: ()= [q(r—0)]", ieN (2004).
CASE: 1 [2] Kon .M, Sficas .Y.G, Stavroulakis. LP.”
q(t—o0) <1 Oscillation  criteria  for  delay equations”,
In this case, Proc.Amer. Math.Soc, vol.128, (2000).

. , t n i 3] Bingtuan.Li, “Oscillation of first order dela
@ (0) = limy-.o inf ft_f(p - q)lziZO[q(t —ol s o difffrential equations”, Proc.Amer.Math.Soc%
=t (p-0) [ ] vol.124, (1996).

a(e0) >1/e (by 2.2) [4] Basak Karupz, Ozkan Ocalan, “Oscillation criteria
for some classes of Linear delay differential
equations of first order”, Bulletin of the institute of
mathematics, Vol.3 (2008).

[(] E .M. Elabbasy, A.S.Hegazi, S.H.Saker.,

And all solutions of (2.1) are oscillatory by theorem 2.1

LASE: 2 “Oscillation of solution to delay differential
qt-0)=1 equations with positive and negative coefficients”,

In this case, a(<0) =0 >1/e Electronic Journal of Differential equations,
"+ Every solution of (2.1) is oscillatory (2000).

Hence proved.

THEOREM: 2.3

Assume that 0=r (t) =1 and 0=p,p, T . If T p >1/e (1-r)

--------------- (2.12)

holds, Then every solution of [x(t)-r x(t- p )]'+p X(t-T)=0

is oscillatory.

PROOF:

We need to calculate R; (t) functions
R,(t)=71't=ty+ip,ieN

CASE: 1 r<i
Thus
a () = lim,_o, inf [ pERo[r]’ ds
a(w) = £
= £ >1/e (by212)
~oa(o0) > 1/e

International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 408



