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Abstract: In this paper, we prove the some fixed point theorem in cone metric
spaces for rational expression in normal cone setting. Our results generalized the
main result of Dass, Gupta[ll].

Keywords and Phrases: Fixed point, Cone metric spaces, rational expression.
2010 Mathematics Subject Classification: 54E35, 54E50, 37C25, 54H25.

1. Introduction

The Banach contraction principle with rational expressions have been expanded
and some fixed and common fixed point theorems have been obtained in [1],[2].
Huang and Zhang [3] initiated cone metric space, which is a generalized of metric
spaces, by substituting the real number with ordered Banach spaces. They have
considered convergence in cone metric spaces, introduction completeness of cone
metric spaces, and proved a Banach contraction mapping theorems, and some other
fixed point theorems involving contractive type mapping in cone metric spaces
using normality condition. Later, various authors have proved some common fixed
point theorems with normal and non-normal cone in these spaces [4], [5], [6], [7],
[8]. Quite recently Muhammad Arshad et al. [9] have introduction almost Jaggi
and gupta contraction in Partially ordered metric space to prove the fixed point
theorem. In this paper we prove the some fixed point Result in cone metric spaces
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for rational expression in normal cone setting. Our results generalize the main
result of Dass, Gupta [11].

2. Preliminaries
Let E be real Banach space and P be a subset of E. Then P is called a cone if

1. P is closed, nonempty, and satisfies P # {6},
2. ax + by € P for all z,y # P and non-negative real number a, b

3.z € Pand —z € P =z =0, ie, PN (—P) = 0, where 0 denote the zero
element of F and by intP the interior of P.

Given a cone P C FE, we define a partial ordering < with respect to P by x <y
if and only if y — x € P. We shall write z < y to indicate that x < y but x # y,
while * < y will stand for y — x € intP. A cone P is a solid cone if intP # ®.
We write ||.|| as the norm on E. The cone P is called normal if there is a number
k > 0 such that Vz,y € E,0 < x < y implies ||z|| < M||y||. The least positive
number k satisfying the above is called the normal constant of P. It is well known
that £ > 1.

In the following, we always suppose that E is a Banach space, P is cone in E with
int P # ® and < is a partial ordering with respect to P.

Definition 2.1 [3]. Let X be a nonempty set. Suppose that the mapping d :
X x X — E Satisfies:

(CM1) 6 < d(x,y) for all z,y € X and d(z,y) = 0 if and only if z =y,

(CM2) d(x,y) = d(y,x) for all z,y € X,

(CM3) d(x,y) < d(z,z)+d(z,y) for all z,y,z € X.

Then d is called a cone metric on X and (X, d) is called a cone metric space.
Example 2.2 [3]. £ = R* P = {(z,y) € E: 2,y >0} C R, X = R and
d: X x X — E such that d(z,y) = (|z — y|,a|r — y|) where o > 0 is a constant.
Then (X, d) is a cone metric space.

Definition 2.3 [3]. Let (X,d) be a cone metric space, x € X and {z,} be a
sequence in X. Than

(i) {2z} converges to & whenever for every ¢ € E with § < ¢ there is a natural
number N such that d(z,,z) < c for all n > N.

(ii) {z,} is a Cauchy sequence whenever, for every ¢ € E with < ¢, there is a
natural number N such that d(x,,z,,) < ¢ for all n,m > N.
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(iii) Let (X, d) is said to be a complete cone metric space if every Cauchy sequence
is convergent X.

Lemma 2.4: Let(X,d) be a cone b—metric space and {z,} € X such that
d(xn+17 xn) S ]{?d(l‘n, xn—l)

Where 0 < k < 1, then sequence {z,} is a Cauchy sequence.

3. Main Results. In 1975, Dass and Gupta [11] proved the following theorem:
Let (X,d) be a complete cone metric space. A self-mapping T : X x X — X
satisfies the condition

d(y, Ty)[1 + d(z, Tx)]
1+ d(z,y)

d(Txz,Ty) < a + Bd(z,y) for z,y € X.

Where «, 8 € [0,1) is a constant with v+ 5 < 1. Then 7" has a unique fixed point
in X. Now we generalize this theorem in cone metric space as.

Theorem 3.1. Let (X, d) be a complete cone metric space. P a normal cone with
normal constant M. A self-mapping T : X x X — X satisfies the condition

[d(z,y) + d(y, Ty)]
[d(x, Ty)]
[d(z,y) + d(y, Ty) + d(z, Ty))?
[d(x, Ty)]?

For all x,y € X where where ay, as,az > 0 with ay + 2as + 8az < 1. Then T has
a unique fized point in X.

d(Tz, Ty) < ond(x,y) + agld(z, Tx) + d(y, Ty)]

+az[d(x, Ty) + d(y, Tr)]

Proof. Let x5 € X be a arbitrary point. Suppose there is an point x; € X
such that Tzy = x;. By Induction a sequence {x,} can be defined such that
Tz, = zpy1(n > 0). If for some n, z, = x,.1, then z, is a unique fixed point for
mapping T. Therefore there is no need to go further. Suppose z,.1 # x,Vn > 1,
Thus replacing = and y by x,_1 and z,, respectively in theorem (3.1), we have

d(l’n, xn—l—l) = d(Txn—ly Txn)
[d(‘rn*h xn) + d<$n7 $n+1)]
[d(xnfla anrl)]

[d(&?n,l, xn) + d(SL’n, anrl) + d<xn71> xn+1)]2
[d(xnfla xn+1>]2

S ald(xnfb 1771) + OCZ[d(xnfb xn) + d<$na anrl)]

+osld(xn_1,Tpi1) + d(Ty, Tnt1)]
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Sald(xn—l’ In) + O‘Q[d(xn—l» In)
[d(l‘n—h xn) + d(xm an+1)]
d mnsy n n—1i» n
+ (‘r x +1)] [d(xn_17$n> +d<$ xn—i—l)] —|—Ck3[ (.’13 1, +1)
[d(Tn—1,70) + d(xp, Tri1) + d(Tn_1,70) + d(Tp, Tri1))?
(

< od(xp—1,Ty) + old(zp_1, ) + d(Tp, Tni1)] + das[d(Xn—1, Tni1) + d(@h, Tngr)]
(1 —ay —4daz)d(Tn, Tpi1) < (0q + ag + dag)d(zp-1, )
o1 + ag + 4o
(( 11— a;— 40433)) d(@n-1,n)
(o + 209 + 8aiz) < 1
(o1 + g + 4avg)
(1 —ay —4az)

d(l’n, xn—i—l) -~

= k=

<1, 0<k<1
and by induction

d(l‘nv xn—s—l) S kd(xn—la xn)

< k"d(xo, 1)
d(xm xm) < d(xm xn—&-l) + d(xn+1u xn+2> + ...+ d(xn—i-m—l? Im)
< (kn + knJrl 4 kn+2 o knerfl)d(xO’a:l)
k,n
S 1— kd(l'Oaxl)

We get [|d(zy, 2n)|| < ML ||d(x0, 21)|| which implies that d(z,, z,) — 0 as n —
oo Hence x,, is a Cauchy sequenee so by completeness of X this sequence must be
convergent in X.

Therefore sequence {x,} converses to a point 2* € X. Now we prove that z* is the
unique fixed point of T'.

d(z*, Tz*) < [d(z", ps1) + d(Xni1, Ta™)] < [d(z", 2pi1) + d(Txy, Ta™)]

<d(z*,Tx,)+ d(Tz,, Tx")

[d(zp, 2*) + d(z*, T'z"))

[d(zp, z*) + d(z*, T'z*))

[d(zy, x*) + d(z*, Tx*) + d(z, %) + d(z*, Tx*)]?
[d(zp, ) + d(z*, Tx*))?

< d(z*,Tx,) + aqd(zp, %) + agld(x,, Tx,) + d(x*, Tx")]

+ agld(x,, Tx") + d(z*, Tz")]
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< d(z*,Tx,) + aqd(zp, z°) + agld(x,, Tx,) + d(2*, Tz")] + das[d(x,, x¥)
+d(z*, Tz")]

< d(x*, per) + and(z”, x,) + aold(n, Toyr) + d(2*, Tx")] + 4ag[d(x,, Tx")
+d(z*, Tz")]
So using the condition of normality of cone

(™, Ter)[| < M(l|d(z", 2na) | + calld(@n, 27)|| + aslld(zn, 2n4)]]

+aslld(e”, Ta")[| + 4as||d(zn, %) || + 4aslld(z”, "))

As n — 0 we have ||d(z*,Tx*)|| < 0. Hence z* is fixed point of T i.e. z* = Tx*.
Now we will prove that x* is unique. For that let 2’ be another fixed point such
that ' = T'2’. Now from theorem (3.1), we have

d(z*,2") = d(Tx*, Tx")
d(z*, 2") + d(«', Tx")]

< aqd(z*,2") + apld(x*, Tx*') + d(z', T2"))] [

[d(z*, Ta")]
I s (@, 2") +d(2!, Ta") 4 d(2*, Tx")]
S OKB[d(x ,T:c )+ d(l’ ,TI )] [d(ZE* TI”)]
d(x*, 2") < apd(x*, 2") + aold(x*, 2*") + d(, )][ @, [x(>x+5f(§ &)
[d(z*,2") + d(«', 2") + d(z*, z")]

+ ag[d<l‘*, Qf//) + d(.T,,ZB*,)]

[d(z*, )]
< apd(z*, 2") + 2ad(x*, 2')
< (a1 + 2a3)d(z*, 2)

(", &) < M((az + 2a3)[|d(z", 2')[])

As n — 0 we have ||d(z*,2’)|| < 0. Hence z* = 2’ is a unique fixed point of 7'
This completes the proof.

Theorem 3.2. Let (X,d) be a complete cone metric space. P a normal cone with
normal constant M. A self-mapping T:XXX satisfies the condition

(d(z,Ty))? (d(y,Ty))?

d(Tz, Ty) < ard(z, y) + +
(Tx,Ty) < oqd(z,y) OQd(x,y)—i-d(y,Ty) &3d(x,y)+d(l’,Ty)

for all x,y € X where ayag, a3 > 0 with aq + 2a +4ag < 1. Then T has a unique
fixed point in X.
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Proof. Let x5 € X be a arbitrary point. Suppose there is an point x; € X
such that Tzo = x;. By Induction a sequence {x,} can be defined such that
Tz, = xpy1(n > 0). If for some n,z, = x,.1, then z,, is a unique fixed point for
mapping T'. Therefore there is no need to go further. Suppose z,11 # x,Vn > 1,
Thus replacing = and y by x,_; and x, respectively in theorem (3.2), we have

d(xp, Xpy1) = d(Txy 1, Txy)
(w1, Tw,))? T (d(wn, Ty))?
Ad(@nr,2n) + d(@n, Txn)  d(Tn1,2p) + d(@n_1, T2y)
(d(n-1, xn+1))2 TLa (d(zn, xn+1))2
d(Tp_1,%,) + d(Tp, Tpit) 3d(xn_1, Tn) +d(n_1, Tpit)
(d(@n—1,75) + d(@n, Tn11))?
d(xp_1,2n) + d(Tp, Tni1)
(d(wp1,70) + d(2y 1, xn+1))2
d(xp_1,2,) + d(Tp_1,Tpi1)
< od(xp—1,Ty) + co{d(xn_1,2,) + d(Tp, Tpi1) }
+ az{d(rp1,2n) + d(Tp1, Tny1)}
< oqd(xn_1, ) + co{d(xy_1,2,) + d(Tp, Tpi1) }
+ az{d(Tn—1,2n) + [d(zn1,70) + d(Tpn, Tpya)]}
(1 —agy —az)d(zn, Tpi1) < (0 + ag + 203)d(2p-1, )
(on + ag + 2a3)
(0= as —ag) "ot )

S Oéld(xnflv xn) + g

< ond(Tp—1,2,) + g

S CVld(xnfla xn) + (8%

+ a3

d(xn, xn+1) S

Since ag + 20 + 3ag < 1 = QaFaedsas) g b g k<

(1—az2—as)

d(x’m xn—l—l) S kd(xn—la xn)
And by induction

d(xn7 xn—&—l) S kd(xn—b mn)

< k"d(xg, x1)
d(Tp, Tp) < d(Tp, Tns1) + A(Tpi1, Tnao) + o + d(Tprm—1, Tim)
< (K" 4+ K" BT L+ KT (g, 2)
kn
1—k

S d(xOJII)
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We get ||d(zy, zn)|| < M£||d(zo, 21)|| which implies that d(z,, z,) — 0 as n —
00.

Hence z,, is a Cauchy sequence, so by completeness of X this sequence must be
convergent in X. Therefore sequence {z,} converses to a point z* € X. Now we
prove that x* is the unique fixed point of T'.

A", T5") < 4" 511) + Az, To)]
< ld (x Tpy1) +d(Tx,, Tx"))
< d(x*, Tx,) + d(T,, Tz*)
[d(z,,, Tx*)]? [d(z*, Ta*)]?
< Aty ) ¥ ead(@s2a) F gy e Ty W, 2) + A, To)
[d(n, ) +d(a*, Ta)P | [d(a", Ta")P

<d(z*,Tx,) + aqd(z*, x,) + ag

d(x,, x*) + d(z*, Tx*) s d(x*, Tz*)
<d(z*,Tx,) + cpd(z*, x,) + aold(x,, z") + d(z*, Tz")] + azd(x*, Tx")
[d(z*, Ta")|| < M([|d(z", Tn)|| + cal|d(@”, z,)]| + col|d(zn, 27)|]

+ ao||d(z”, Ta") || + as||d(z”, Tz")]])

As n — 0 we have ||d(z*,T2*)|| < 0. Hence x* is fixed point of T i.e. z* = Tz*
Now we will prove that x* is unique. For that let 2’ be another fixed point such
that 2’ = Tz’. Now from theorem (3.2 ), we have

d(z*,2") = d(Tz*, Tx")

e o HETIE (e Ta
< ond(@”,27) + o [d(x*, 2") + d(«', Tx")] +as [d(x*, 2") + d(x*, Tx")]
[d(x*’ x//)]Q I:Cl<:1;,/7 :E”)]Q

* / < d * " .
z*2') < apd(x”, 2") + ap [d(z*, 2") + d(z, 2")] tas [d(z*, 2") + d(x*, 2")]

z) < Oéld(l’*, .’I?”) —+ ngd(x*’ x”)
d(z*,2') < (g + ag)d(z*, 2")
|d(z", 2")|| < (o + ao)|d(z", z")||

As n — 0 we have ||d(z*,2")|| < 0. Hence z* = 2’ is a unique fixed point of 7T'.
This completes the proof.
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