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Abstract: In this article, we use the Riccati transformation technique and some inequalities, to establish
oscillation theorems for all solutions to even-order quasilinear neutral difference equation

AA" (x(n) + p(m)x(z (n)))]y +q(mx’o(n)=0, n=n,

Our main results are illustrated with suitable examples.
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I. Introduction
All over the world, during the last decade or two a lot of of research activity is undertaken on the study of
the oscillation of neutral delay difference equation. Such equations appear in a number of important appilcations
including problems in population dynamics or in "cobweb" models in Economics. Further, they are frequently

used for the study of distributed networks containing lossleds transmission lines see the Hale[11]. Upto now,
many studies have been done on the oscillation problem of even order difference equations, and we refer the
reader to the papers [2,3,4,5,8,13,14,15,18,20,21,24,25,26,27,29,30,31] and the references cited
there in.

In this paper, we consider the oscillatory behaviour of solutions to the even-order neutral difference equation

AlA™! (x(n) + p(”)x(f(n)))]y +g(n)x"o(n)=0, n>n, (1)

We will use the following assumptions:
e m>2 isevenand ¥ >1 is the ratio of odd positive integers.

« {p(n)} isapositive real sequence such that 0 < p(n) < a is not identically zero, where a is a
constant

« {g(n)} is a positive real sequence such that g(n) #0 for n=>n,.
» 7(n) and o(n) are positive sequences such that

limysee 7(72) = lim,.,0(7) =0 suchthat o', Ac ' and AT exist.

By a solution of (1), we mean a real sequence {X(7)} which is defined for 7 =1,2,.... and which
satisfies Equation (1) for 17> Max{r(n),o(n)}. A solution {x(7)} of (1) is said to be eventually positive if

x(n) >0 for all large 7, and eventually negative if x(n) <0 for all large 7 .

It is said to be oscillatory if it is neither eventually positive nor eventually negative. We will also say that (1)
is oscillatory if all of its solutions are oscillatory.

I.Kubiaczyk and S.H.Sekar [16] studied the second order sublinear delay difference equation
A(pnAxn)_’_qnxr}:f‘r:O’ 0<7/£1' (El)

M K Yildiz and O.Ocalan [28], studied the neutral difference equation
Am(yn_pnynfk)_'_qny:lel :0’ nznl (E2)
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Where 1> >0 is a quotient of odd positive integers and {p, } satisfies —1< p <1.

In 1998, Wan Tang Li [17] studied the oscillatory behaviour of the following higher order nonlinear difference
equation

A, & G, = px, ) S, )= 0n=ny (E))
under the condition 0< p < p<1.

Guan.X, Yang.J., Liu.S.T and Cheng S.S.[9] studied the nonlinear neutral difference equation
4
A'lx, = p,x, ]+ 200 f(x, —0,(m) =0 (E.)
i=1
and obtained some results for the oscillation of solutions of (£,).

Pon.Sundar [22], considered the neutral difference equation of the form

N[x, = pox, J+ 0,00 £ (x, ) = 0 (E,)

i=1

and obtained some sufficient conditions for the oscillation of solution of equation (E)

In 2010 M.Migda [19] considered the neutral difference equations
Am(xn+pnxn7r)+f(n’xn’xn—0'):0 (Eﬁ)

when {p, } isan oscillatory sequence and obtained some sufficient conditions for the oscillation of all solutions

of (E).

Y.Bolat and O.Alzabut[6] considered the half-linear delay difference equation
Alp, (87 (x, + 4,0, ) [+ 7,2 =0 nzn, (E,)

o0
1
under the condition Zn ;

0 —
(p,)"
asymptotic criteria for (E,).

<oo and with using that Ap, >0 and derived some oscillation and

X.Zhou and J.Yan [32] studied the difference equation
RN 5 _
A|_pn—l (Aﬁznl_l ) J+ Snyn - O (ES)

and they obtained some comparison results and necessary and sufficient conditions for the oscillation of Equation

(Ey)-

S.S.Cheng and T.Patula [7], studied the difference equations
Ay, )" s 000 =0 (Ey)
when p >1 and proved an existence theorem for equation (£, ).

II.  Some Preliminary Lemmas
In the proofs of our main theorems we shall need the following Lemmas

Lemma 2.1 [1] (Discrete Kneser’s Theorem) Let {u(77)} be a sequence of real numbers in

N={0,1,2,...} .Let u(n)>0 and A"u(n) be of constant sign with  A"1(7) , not being identically zero on
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any subset {n,,n,+1,n,+2,...} . Then, there exists an integer /, 0</<m with m+/ odd for
A'u(n)<0 and m+] even for A"u(n)>0 such that / <m—1 implies (—=1)""*A'u(n)>0 for all
neN,I<k<m-1, and [ >1 implies Au(n)>0,forall ne NJ1<k<[-1.

Lemma 2.2 [1] Let z(n) be as defined in Lemma 2.1 and such that z(7) >0 and A"z(n) <0 for all

n=n, € N . Then there exists a sufficiently large integer 7, , such that for all n > n, = n,
)(m 1)

(n—n
z(n) > —( D

where (1—n,)"" is the usual factorial notation.

mfl Z(szl—l I’l)

Moreover, if {z(7)} is increasing, then

()(’”]) ml

z(n)_( _1)' z(n )(2m ST for all n>2n, ()
i.e.
A"
Where 12(2%)(’”_]) and 0< A <1 for all n=2n,

Lemma 2.3 [23] Assume that (2) holds., Furthermore, Assume that x(71) is an eventually positive solution of
(1). Then there exists 7 = n,, such that

z(n)>0,Az(n) > 0,A""'z(n) > 0,A"z(n) <0 for all n>n,

Lemma 2.4 [12] Assumethat ¥ >1,x,,x, € N,If x, 21 and x, 21, then

1
Y Y /4
x| +x5 = > (x, +x,)

Lemma 2.5 [10] Consider the oscillatory behavior of solutions of the following linear difference inequality
Au(n)+ p(n)y(n—r)<0 where  p(n)>0 and {n—r} isa real sequence of integers such that
and lim,_.(n—7r)=o00,1f

r+l
lim inf ZP(”) > ( N lj )

n—)oo

Then the inequality has no posmve solutions.

We further need the following definition.

Definition 2.6 For any positive integer 7>7n, , define 7' (n) = {m,m is an integer >n} and
7(m)=n. The function 7' defined above is the inverse function of 7(#). Since 7(#) is increasing, it is

one-to-one. If n isa positive integer greater than or equal to 71, then 7~ (z(n))=n.

III.  Main Results
In this section, we establish some oscillation criteria for (1) . For the sake of convenience, we set

z2(n) = x(n)+ p(m)x(z(n))
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O(n) = minlg(c™ (n)),q(c™ (z(m)) }and Ap(n), = max{0,Ap(n)}

Theorem 3.1 Assume that Ao~ (n) > o, >0 and Az(n)=7,>0. Further assume that there exists a
constant A, 0 <A <1, such that

{ y(o'(n)  a'y(o T(n))} 2y1(( 1)!(n)m—1j O(n) y(n) <0 )

Oy 0479
has no eventually positive solution. Then (1) is oscillatory.

Proof. Let x(72) be a nonoscillatory solution of equation(1).Without loss of generality, we assume that there
exists 7, > n, such that x(n)>0, x(7(n))>0 and x(c(n))>0 for all n=n,. Then z(n)>0 for

all n2n;. From (1), we obtain

A[(Am_lz(n))7]= —q(n)x” (c(n)) <0, n=n, (6)
By lemma 2.3 with m is even, there exists 7, =27, suchthat A"z(n)<0 for n>n,.
Then from Lemma 2.1, there exists 7; 21, and an odd integer / <m—1 such that for some large n, = n,
(=D)"*Az(n)>0, I<k<m-1 7
and
Nz(n)>0 1<k<I-1 (8)

Hence in view of (7) and (8), we obtain Az(n) >0 and A" 'z(n)>0.
Therefore lim,_. z(7) #0.
Therefore by lemma 2.2, for any A, 0 <A <1, there exists N , such that, for all 72> N P

()" VA z(n) ©)

z(n) >
(m-1)!

It follows from (1) that
NCRECA D)

A(o™ (n))
Furthermore, from the above inequality and the definition of z(#), we obtain,
A zo o], sl zo ey
A(o™ (n)) A(o™'(n))

+q(o” (M) (n)+a’q(o 7 (n)x’ (z(n)) = 0 an

By(1) and the definition of Q, we obtain

g(c” (M)’ (n)+a’ g(” T ()X’ (z(n)) = Q(n)[ " (n)+a’x (z(n))]
L o)+ axzap}

+q(o” (n)x" (n)=0 (10)

27l

2y —59(n)z"(n) (12)

It follows from (11) and (12) that

A[(A’" 'z(c7'(n))) ] a’ A[(Am 'z(o7\(z ("))))y] y
Ao (n)) A(o'7(n)) 27 remz(m=0 4

From the inequality, A(c™'(n)) >0, >0 and A(r(n))>7,>0, we obtain
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Al z(a" ()| N a’ Al 2o (T(n)))y]+ 23_1 Oz’ (n) <0 9

Oy Ol
Set z(n)= (Amilz(n)y >(0. From (9)and (13), we see that y(7) is an eventually positive solution of
-1 ¥ -1
o (n) a'y(o t(n 1 A
Al 2o () a'y(o z(m) | _
o, O,7, 27
The proof is complete.

o !(n)“"-”j 0(n)y(m) <0

Theorem 3.2 Let 7' exist. Assume that 7(n) <n,A(c'(n))= 0o, >0 and A(z(n))>7,>0.

Moreover, assume that there exists a constant A, 0 <A <1, such that

Au() + ( 4 ,(n)’“j O (™ (0(m) <0 13
27{ s +GJ (m=1)!

Oy Oyl

has no eventually positive solution. Then Equation (1) is oscillatory.

Proof. Let x(7) be a nonoscillatory solution of equation(1).

Without loss of generality, we assume that there exists 7, = 1, such that x(n)>0,x(7(n)) >0 and
x(o(n))>0 forall n=n,.Then z(n)>0 forall n=>n,.

Proceeding as in the proof of the Theorem 3.1, we obtain that

y(n)= (Amilz(n)y >(0 isnon-increasing and satisfies the inequality (5), Define

-1 ¥
_yo (n) a -
u(n) = + (o (z(n))
Oy 0%
Then, from 7(n)<n and o~ being increasing, we have

u(n) < (L+ a

Oy Oyl

V4

jy(a‘l (z(m))).

Substituting the above formula in (5), we find #(7) is an eventually positive solution of

Au() + ——— ( - ,(n)’“j 0MU (o) <0 a6)
2y1( 1 +aj (m=1)!

Oy Oyl

The proof is complete.

From Theorem 3.2 and Lemma 2.5, we establish the following Corollary.

Corollary 3.3 Let 7 ' exist. Assume
t(n)<n, Ao '(n)=c,>0 and Az(n)>7,>0. 7' (6(n)<n and

liminf 2 S Q(s)((s)""l)y>2"‘(i+ < J((m—l)!){i] 7 (17)

o) 0 OuT o—-7+1
Then Equation(1) is oscillatory.

Proof. Taking 7(n) =n—1 and o(n)=n—o, Applying Lemma 2.5 to Equation(16), one can choose a
positive constant 0 <A <1 such that
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fimint 7 3 06)(5)"') >2y‘{i+ : ]«m—l)y){ij

=0 n+r—c Oy Oy7y T+l
This completes the proof.

Theorem 3.4 Assume that A(c ' (1)) > o, >0 and A(z(n))=7,>0,7(n)>n, Furthermore, assume

that there exists a constant A, 0 <A <1, such that

Au(n)+ 1 ( 4 <n)“"”j O(m)U(c(n) <0 (18)
A el

O, Oyl

has no eventually positive solution. Then Equation (1) is oscillatory.

Proof. Let x(72) be a nonoscillatory solution of Equation(1).Without loss of generality, we assume that there

exists a 7, = n, such that x(n) >0, x(z(n))>0 and x(c(n))>0 forall n=n,. Then z(n)>0 for

all n=>n,. Proceeding as in the proof of the Theorem 3.1, we obtain that  y(n) = (Amilz(n)y >0 s
non-increasing and satisfies the inequality (5), Define

u(my =2 @ )
o, 0,7,
Then, from 7(n)<n we have

u(n) < [L +

Oy Oyl

Cl}/

j;v(a_l (1))

Substituting the above formula in (5), we find #(72) is an eventually positive solution of

Au(n)+ : ( 4 <n)“””j O (o(m) <0 (19)
A

O, Oyl

The proof is complete.

From Theorem 3.3 and Lemma 2.5, we establish the following Corollary.

Corollary 3.5 Assume that A(o'(n)) > 0o, >0 and Az(n)>7,>0r(n)>n, o(n)<n and

- ) ) 1 ¥ o+l
liminf 2 Y 0(s)(s)" > 27| —+—— (((m —1)’){Lj .
o e o Oo%o o+1

Then Equation(1) is oscillatory.

Proof. Taking 7(n) =n+7 and o(n)=n—o, Applying Lemma 2.5 to Equation(19), one can choose a
positive constant 0 <A <1 such that

lminf W"ZlQ<S><S>(m_”>27_I{L+ = j<<m—1>!>{ir

n—o0 o, 0,7, o+l

This completes the proof.

By employing Riccati transformation, we obtain the following oscillation criteria.
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Theorem 3.6 Let A(c ' (n))>0,>0, o '(n)>n, o '(z(n)) >n andA(r(n))>7,>0. Assume

that there exists p(7) such that

1 a;/ 7+1
P (Ap(s). )
limsu p( )O(s) ——2—220 =0 21)
naoop Z 7 1 (7+1)y+1 (Mn(m—Z))/p}/ (S)

holds for some constant A/ > (). Then the Equation(1) is oscilltory.

Proof. Let x(72) be a nonoscillatory solution of equation(1).Without loss of generality, we assume that there
exists 7, > n, such that x(n)>0, x(7(n))>0 and x(c(n))>0 for all n=n,. Then z(n)>0 for
all n2n,. Proceeding as in the proof of the Theorem 3.1, there exists 72, = 1, such that (7), (8) and (14) hold
for all 7 2 n,. Using the Riccati Transformation
(&'z(0" (m))
z"(n)

Then for W(n) >0 for n2>n,. Taking differencing of (22), we obtain

w(n) = p(n) nxn, (22)

s = A 20 ) |2+ (51207 (4 1)))“{ S }

z"(n) z"(n)

=A[(A"’-lz(a-l(n)))f 0 +(A 2o (n H))){Ap(n)zy(n)—p(n)Az7(n)}

z’(n) z"(n)z" (n+1)
Now, by using the inequality x” —y” >n’"(x—y) forall x#y>0 and y>1.

(&2 n+1))  pn)

AW(I’Z) < (Ap(l’l)) 7 (7’[ + 1) (”) A[ Am ] (O- (n))y
(A"Hz(o‘1 (n+ 1))y p
e Py (i) @)

In view of lemma 2.2, we have
Az(n) = M(n)" PN z(n) = M(n)" P A" ' z(c7 (n+1))  for some M >0.
Thus from (22) and (23), we obtain

B < (3p(m). 2D | i) allsto” ) |— M (n)" p(n) S CAlR) &

" p(n+1) z"(n) 27 (n+1)
w(n+1) A[(A’”’lz(o*l (n)f ] B ) w(n+1) 0
Aw(n) < (Ap(n)), ey P Sz M pl) (24)
Next, We define the Sequence
_ p)(a 2o @)
v (n) 7 ., nxn, (25)

Then w(n)>0 for 712 n,, Differencing (25), we see that
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(826" () |

(A z(c" (n+1)) L PmA

Ay () < (8p(m), = D) = n)
) p(n)(Ay’" 2o~ GE))) N o6
zZ'(n)z" (n+1)
In view of lemma 2.2, we have
Az(n) = M(n)" PN z(n) > M (n)" P A" z(67 (z(n)))  for some M >0,
Hence by (25) and (26),
Ay (n) < (Ap(n)), pintl), p(n) A (Amlz(fl () |
pn+1) z'(n)
—7M(n><m_2>p<n>("’(””)jy e
p(n+1)
Therefore, from (24) and (27), it follows that
Aw(n) N a’ Ay (n) <
Oy ooTy
el o )], sl )|
p(n) ()
+ i (Ap(n))+ W(l’l + 1) _ }/M(n)(m_z)p(n)( W(l’l + I)Jy
o,| p(n+1) p(n+1)
+ a’ (Ap(n))+ !//(I’l-l—1)—]/M(l’l)(m_z)p(l’l)(!//(n_'_l)j7 (28)
Guta| P(+1) p(n+1)
Thus, from the above inequality and (14),we have
2 @ Ay
Oy Oyl
<L oo+ 1| AP ntrel) yM(n)('"'”p(n)( ns ”j y
o, p(n+1) p(n+1)
L@ | (Bpm).y(n+]) yM(n)(m_2>p(n)(w(n + 1)} y o)
Oo%o p(n+1) p(n+1)
N CY:(C)) N M) (),
pln+1) (p(n+1))+
v=w(n+1),i(n+1) Then by using (29) and the inequality
Av— Bv% < . >0 (30)
(y+1y" B’
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We have
i), [;+ . J((Ap(n)h)y”
Al//(n)<— MO #2200
Oy 6070 (r+1) (M(n) (n))(
Summing the above inequality from 7, to #n—1, we have
(1+ "T ]((Ap(s)x)”‘ (n)
% 2;/ 1 =5 P)0(n)— (7/+1)7+1(M(S)(m 2 (S)y UOTO ‘//(7’10)

Which contradicts (21). The proof is complete.

Remark: From (29),Define a Philos-type sequence H (7,5), and obtain some oscillation criteria for Equation
(1), the details are left to the reader.

Theorem3.7Let m=2, A(c'(n))>0,>0, o '(m)=n, o '(z(n)=n and

At(n)=17,>0. Assume that there exists a positive sequence pP(7) such that

( L, j((Ap(s)L)”

_ ST o, 0,7,
limsu; — 0(5)0(s) — = 31
pr§ S PO G1)

Then the Equation (1) is oscillatory.

(S Cal00)) S (S Cal )]
2 () 2 ()

The remainder of the proof is similar to that of Theorem 3.6

Proof. Define w(n) = p(n)

IV.  Applications
Example 1. Consider the even-order difference equation

5 S5m
3(1+23)33 §

2(m+6)5

{(A’“(x(nnp(n)x(n 3)))} )’ (n=6)=0,1>6 @

5
Where y = g >1 is the quotient of odd positive integers.

pn)y=a=2>0Let 7(n)=n-3, o(n)=n—=6

(13 5 Sm
_ 3 3\ 3
Then 77 (n)=n+3,6"'(n)=n+6, 1" (c(n))=n-3,0 " (t(n)) =n+3and O(n)= D (1+52 3
(m+6)>
2 3
Since
S5m 5
33 (1+23) -1

liminf ZQ(S)(S)('" V=

n—» (m 6%
2

(n-3+n-2+n- 1) 3
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Sm 5
3 3 5 5
_3° (1+23)3<m—1>§ (m=1)

(n=2)

5
(m+6)

By applying corollary 3.3, Equation (32) is oscillatory when
Sm 5

3 3 (m—l)é (m—ly5 2 5 4 5
3 (1+52 )3 3(n=2) 3>23(1+23)(§j ((m—l)!)3 for all n=6
(m+6)§ 4
D"
2}1
Example 2. Consider the even-order neutral difference equation
5 5 5
(e -1 (1+e)”

5
(m+5)3

one such solution is x(7) =

_]) 5
3

x*(n-3)=0,n>3 (33)

A{(A’”" (x(n) + ex(n + 3)))3}

5
Where y = 5 >1 is the quotient of odd positive integers.

pn)=e>0 . Let 7(n)=n+3>n, o(n)=n-3, o' (n)=n+3, ando ' (t(n))=n+6
5 5 5
3 2 3 g(m—l)
Q(n)=(1+e )e —1) 5(1+e)
(m+5)>
e 3
Since
1 5 1 % 21 g 1 g(m_]) s
- m—1 — m—1
S o) " _(re)e =D Axe)T 5, 6" s
n-3

e(m+5)§
—>00 as n—»>

By applying corollary 3.5, Equation (33) is oscillatory.
, , : (=1
One such solution of Equation (33) is x(n) = ~——

Example 3. Consider the even-order neutral difference equation

7 Tm
7 535 7
A{(A’”“ (x(n) + 2x(n+ 2)))5} JAF2B7 Sty =0, n>1 (34)
25
7
Where y = g >1 is the quotient of odd positive integers.
p(n)=2>0
7 Im
5)3 5
Let 7(n)=n+2, o(n)=n+1, o '(n)=n-1, ando™'t(n)=n+1 and O(n)= #
25
Set p(n) =1 Then
7 Im
1 (1+25)3°
2—27 —> 00 as n—> o
" s 25

Then by Theorem 3.6, Every solution of Equation (34) is oscillatory.
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One such solution of equation (34) is x(n) =

D"
o

References
Agarwal R.P., Difference Equation and Inequalities, Marcel Dekker, New York (1992).
Agarwal R.P., On the oscillation of higher order difference equation, Srochow. J.Math.31(2)(2005) 245-259.
Agarwal R.P. and Wong P.J.Y ., Advanced Topics in Difference Equations, Klwer Academic Publishers, (1997).
Bolat.Y and Akin.O., Oscillatory behaviour of a higher order nonlinear neutral-type functional difference equation with an oscillating
coefficient., Appl. Math. Lett. 17(2004) 1073-1078.
Bolat.Y., Akin.O. and Yildirim.H., Oscillation criteria for a certain even-order neutral difference equation with an oscillating
coefficient. Appl.Math.Lett. 22(2009) 590-594.
Bolat.Y and Alzabut J.O., On the oscillation of higher order half-linear delay difference equations, Appl.Math.Inf.Sci.,6. No.3.,
423-427(2012)
Cheng S.S. and Patula W.T., An existance Theorem for a nonlinear difference equations, Nonlinear Analysis, Theory, Methods and
Applications 20(3)(1993) 193-203
Elaydi S.N., An Introduction to Difference Equations, Springer-Verlag, New York, 1995.
Guan.X,,Yang J., Liu.S.T. and Cheng S.S., Oscillatory behaviour of higher order nonlinear neutral difference equations, Hokkaida.
Math.J. 28(1999)393-403.
Gyori I. and Ladas G., Oscillation Theory of Delay Differantial Equations with Applications, Clarendon Press, Oxford-1991.
Hale.J.K., Theory of functional differential equations, Springer-Verlag, New york, 1977.
Hardy.G.H.,Littlewood.J.E. and Polya.G.Inequalities, 2nd Ed. Cambridge Univ. Press. 1952.
Karpuz.B.etal, On oscillation and asymptotic behaviour of a higher order functional difference equation of neutral type,
Inter.J.Difference Equ.4(1)(2009) 69-96.
Kelley W.G. and Peterson A.C, Difference Equations, An Introduction with Applications, Academic Press, New York (1991).
Kirl. and Bolat Y.Oscillation criteria for higher order neutral delay difference equations with oscillating coefficients,
Inter.J.Difference Equ.,2(2006) 219-223.
Kubiaczyk 1. and Sekar S.H., Oscillation Theorems for second order sublinear delay difference equations, Math. Solvacia 52(2002)
343-359.
Li W.T., Oscillation of higher order neutral nonlinear difference equations, Appl. Math. Lett. 11(1998) 1-8
Liu Z., Wu S. and Zhang Z., Oscillation of solutions for even-order nonlinear differnce equations with nonlinear neutral term, Indian
J. Pure. Appl. Math. 34 (2003) 1585-1598.
Migda M.,Oscillation criteria for higher order neutral difference equations with oscillating coefficients, Fasc. Math. 44(2010) 85-93.
Parhi.N and Tripathy.A.K., Oscillation of a class of nonlinear neutral difference equations of higher order. J.Math. Appl. 284(2003)
756-774.
Sundaram.P., Oscillation criteria for even order neutral difference equations, Bull. Cal. Math. Soc. 92(2000) 81-86.
Sundar.Pon., New Oscillation criteria for nonlinear higher order neutral difference equation, Arab.J.Math.Sci.15(2)(2009) 29-45.
Sundar.Pon. and Kishokkumar.B., Oscillation criteria for even order nonlinear neutral difference equations,
Indian.Acad.Math.No.2,(35)(2013).
Sundar.Pon. and Suguna.R., Comparision theorems and linearized oscillation results for even-order neutral delay difference equation,
Indian. Acad. Math. 33(2)(2011) 503-521.
Szamanda B. Properties of solutions of higher order difference equations, Math. Comput. Modelling 21(4)(1995) 43-50.
Thandapani.E., Oscillation theorems for higher order nonlinear difference equations, Indian. J. Pure Appl. Math. 25(1994) 519-524.
Thandapani.E., Sundaram.P. and Lalli.B.S., Oscillation Theorems for higher order nonlinear delay difference equations, Comput.
Math. Applic. 32(3)(1996) 111-117.
Yildiz.M.K. and Ocalan.O., Oscillation results for higher order nonlinear neutral delay difference equation, Appl. Math.
Lett.20(3)(2007) 243-247.
Zafer.A., Oscillation criteria for even order neutral differential equation, Appl. Math. Lett. 11(1998) 21-25.
Zafer.A., Oscillatory and asymptotic behavior of higher order difference equations, Math. Comput. Modelling. 21(4)(1995) 43-50.
Zafer A. and Dahiya R.S., Oscillation of a neutral difference equations, Appl. Math. Lett. 6(2)(1993) 71-74.
Zhou.X. and Yan.J., Oscillatory and Asymptotic behavior of higher order nonlinear difference equations, Nonlinear Analysis, Theory,
Methods and Applications 31, No. 3-4(1998) 493-502.

www.iosrjournals.org 18 | Page



