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ABSTRACT: In this study, we propose a new rational functional equation
(r + y) 2Jr(z)J7 (y)
Jr =
2 Jr(@) + Jr(y)

and obtain its solution. We also investigate its various stabilities by a fixed point
method.
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1. Introduction

The vital question raised by Ulam [25] forms the basis for the theory of sta-
bility of functional equations. Hyers [9] vividly responded to the problem created
by Ulam. The result presented by Hyers is called as direct method where an ap-
proximate solution near to the exact solution is obtained directly from the given
function and this is the most influencing procedure to achieve the stability of var-
ious types of functional equations. Using this direct method, Th. M. Rassias [23]
took a broad view of Hyers result and established a new outcome to confirm the
validity of stability of Cauchy additive functional equation using sum of powers of
norms as upper bound. A particular case of Th. M. Rassias theorem regarding
the Ulam-Hyers stability of the additive mappings was proved by Aoki [1]. Dur-
ing 1982-1989, J. M. Rassias ([16], [17], [18]) provided a further generalization of
the result of Hyers and established a theorem using weaker conditions bounded by
product of powers of norms. A different type of the additive functional equations
is introduced in [2]. Gavruta [8] generalized the theorem of Hyers by consider-
ing a general control function as function of variables. In 2008, Ravi et al. [19]
investigated the stability of the new quadratic functional equation

Q(kul +’LL2)+Q(I€’LL1 7’&2) = 2Q(U1 +u2)+2Q(u1 7’&2)4’2 (k2 — 2) Q(ul)—QQ(UQ)
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for any arbitrary and fixed real constant k with k # 0; k # +1; k # /2 by using
mixed product-sum of powers of norms.

Jung [11] investigated the Hyers-Ulam Stability for Jensen equation on a re-
stricted domain and he applied the result to the study of an interesting asymptotic
property of additive mappings. The stability of functional inequalities associated
with the Cauchy-Jensen additive functional equalities in non-Archimedean Banach
spaces is studied in [13]. Several mathematicians have remarked interesting applica-
tions of the Hyers-Ulam-Rassias stability theory to various mathematical problems.

On the other hand, some fixed point methods are other tools to investigate
the stability of functional equations. The approximate solution near to the exact
solution can be attained from the fixed point alternative. In 1996, Isac and Th.M.
Rassias [10] who were the

rst authors to provide applications of stability theorem of functional equations
for the proof of new fixed point theorems with applications. Cadariu and Radu
applied the fixed point method to investigate the Jensen and Cauchy additive
functional equations in [6] and [7]. For more details about the stability of functional
equations by using fixed point method, one can refer [3], [4] and [15].

A function J : R — R defined by J(z) = cx + a is the most general solution
of the Jensen’s functional equation

7 (55Y) = 31 + ) (1)

where ¢ and a are arbitrary constants [24]. Also, when a = 0, J(z) = cx is the
general solution of the additive functional equation J(z + y) = J(z) + J(y). Ravi
and Senthil Kumar [20] investigated the generalized Hyers-Ulam stability for the
reciprocal functional equation

g(x)g(y)

T ET) -

where g : X — R is a mapping with X as the space of non-zero real numbers.
The reciprocal function g(x) = < is a solution of the functional equation (1.2). The
functional equation (1.2) holds good for the “Reciprocal formula” of any electric
circuit with a couple of parallel resistors [22]. Jung [12] applied fixed point method
to investigate the Hyers-Ulam stability for the reciprocal functional equation (1.2).
Other forms of the reciprocal type functional equations can be found in [5] and
[21].

Inspired by the Jensen’s functional equation (1.1) and its general solution, in
this paper, we propose a new rational functional equation of the form

r+y\ _ 2J.(x) ] (y)
JT( 2 )‘Jr(z>+Jr<y>‘ (13)

We obtain the solution of the functional equation (1.3). Using the fixed point
alternative, we prove our main result, the generalized Ulam-Hyers stability for
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the equation (1.3). We also investigate the Ulam-Hyers stability and Hyers-Ulam-
Rassias stability for the equation (1.3). It is easy to arrive equation (1.3) from
equation (1.2) by simple substitution. Note that the equations (1.3) and (1.2) are
not equivalent.

2. Stability of the Jensen type rational functional equation

In this section, induced by the solution of the Jensen functional equation (1.1) in
[24], we firstly attain the solution of functional equation (1.3). Then, we investigate
the stability of functional equation (1.3) pertinent to Gavruta by using the fixed
point alternative. We also extend the results associated with Hyers and Th. M.
Rassias stabilities.

Theorem 2.1. The function J.(x) = ﬁ is a solution of the equation (1.3).

Proof: Equation (1.3) can be written as

! 1[1 T } (2.1)

Jo () 2 [e(@)  Je(y)
Putting y = 0 in (2.1), we find
1 1 1
7o s .

where J,.(0) = ¢ with k # 0. Hence, the equation (2.2) can be written as

J, (f) - % (2.3)

or equivalently

Let A(x) = w1+~ — k. Then

Jr(z)
1 1 1
A9 = T = T ] -k
CHY =TTy @ W
1 1

= —k +[ —k:]:Ax + Ay 2.5
7w 7w WrAw 29
which is Cauchy additive functional equation, whose solution is A(z) = cz. There-
fore, J.(2) = . O

From the above theorem, we have the following definition:
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Definition 2.1. A mapping J,. is said to be Jensen type rational mapping if it
satisfies the equation (1.3). Hence, the equation (1.3) is said to be Jensen type
rational functional equation.

The following theorem is very useful for proving our main results which is due
to Margolis and Diaz [14].

Theorem 2.2. Let (X, d) be a complete generalized metric space and let J : X —
X be a strictly contractive mapping (that is d(J(x), J(y)) < Ld(y,x), for all x,y €
X and a Lipschitz constant L < 1). Then for each given element x € X, either

d (J”:c, J"Jrl:c) =00
for all nonnegative integers n or there exists a positive integer ng such that
(i) d(Jmx, J"Tta) < oo for all n > ng;
(i1) the sequence {J™x} converges to a fixed point y* of J;
(iil) y* is the unique fized point of J in the set

Y ={y e X|d(J™x,y) < oo};

(iv) d(y,y*) < 25d(y, Jy) forally €Y.

In the following theorems, we assume that y # —x, for all (z,y) € R2.

Theorem 2.3. Suppose that the mapping f : R — R satisfies the condition f(x)
approches oo as x — 0 and the inequality

1 r+y 1

§f 2 L4 1
fl@) * f(y)

for all x,y € R, where ¢ : R xR — [0,00) is a given function. If there exists L < 1

such that the mapping x — ¥ (x) = ¢(x,0) has the property 1 (%) < 2L(x) for all
x € R and the mapping ¢ has the property

< é(x,y) (2.6)

lim 27"¢ (272,27 "y) =0, for all z,y € R, (2.7)

n—roo

then there exists a unique Jensen type rational mapping r : R — R such that

Ir(z) — f(@)] < —¢(=) (2.8)
for all x € R.

Proof: Define a set S by S = {h : R — R|h is a function} and introduce the
generalized metric d on S as follows:

d(g,h) = dy(g,h) = inf{C € RT : |g(z) — h(z)| < C(x), for all z € R}. (2.9)
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It is easy to see that (5, d) is complete. Define a mapping o : S — S by

oh(z) = %h (g) (z € X) (2.10)

for all h € S. We claim that o is strictly contractive on S. Given g,h € S, let
Cyn € [0, 00] be an arbitrary constant with d(g, h) < Cyp. Hence

d(g,h) < Cgn = [g(x) — h(z)| < Contp(x), (Vz € R)

= |7 (5) -5 ()| <5me (5). twem
— [39(5) - 31 (3)| < Cwvta). voem

= d(og,oh) < LCyp,.

Therefore, we see thatd(cg,oh) < Ld(g,h) for all g,h € S, that is, o is strictly
contractive mapping of S, with the Lipschitz constant L. Now, replacing (z,y) by
(2,0) in (2.6), we get

’lf (E) — f(@)] < 6(x,0) = P(x)

27 \2

for all z € R. Hence (2.9) implies that d(of, f) < 1. So, by applying the fixed
point alternative Theorem 2.2, there exists a function r : R — R satisfying the
following:

(I) r is a fixed point of o, that is

r (E) = 2r(x) (2.11)
for all x € R. The mapping r is the unique fixed point of ¢ in the set

p=1{g€S:d(fg) <o}

This implies that r is the unique mapping satisfying (2.11) such that there
exists C' € (0, 00) satisfying

Ir(z) — f(z)| < CY(x), Yo € R.

(Il) d(o™f,r) — 0 as n — oco. Thus, we have

lim 27" f (27"z) = r(x) (2.12)

n— o0
for all xz € R.

(II) d(r, f) < 27d(r, o f), which implies d(r, f) < 127.
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So, the inequality (2.8) holds. On the other hand, from (2.6), (2.7) and (2.12), we
have

1 T +y 1 . _all 27" 4+ 27y 1
3"\ ™9 T T nh_,ngo 2 §f B R
EORNEO) 7w Ty
< lim 27"¢ (272,27 "y) =0
n— o0

for all z, y € R. Therefore, r is a solution of the functional equation (1.3) and hence
r: R — R is a reciprocal mapping. Next, we show that r is the unique reciprocal
mapping satisfying (1.3) and (2.8). Suppose, let 7' : R — R be another reciprocal
function satisfying (1.3) and (2.8). Since 7’ is a fixed point of o and d(f,r") < oo,
we have 1’ € S* = {g € S|d(f,g) < oo}. From Theorem 2.2 (iii) and since both
and r’ are fixed points of o, we have r = r’. Therefore, r is unique which completes
the proof of Theorem. O

In analogy with Theorem 2.3, we have the upcoming result. Since the proof is
similar, we omit it.

Theorem 2.4. Suppose that the mapping f : R — R satisfies the condition
f(0) = 0o and the inequality (2.6) for all z,y € R, where ¢ : R x R — [0,00) is a
given function. If there exists L < 1 such that the mapping x — ¥(x) = 2¢(2x,0)
has the property 1 (2z) < %Lw(x), for all x € R and the mapping ¢ has the property

lim 2"¢ (2"x,2"y) =0, for all x,y € R, (2.13)

n—oo
then there exists a unique Jensen type rational mapping r : R — R such that

1

Ir(x) — f(z)] < ﬁw(iﬁ) (2.14)

for all z € R.

Here, we bring some corollaries regarding the stability of functional equation
(1.3) which are direct consequences of Theorems 2.3 and 2.4.

Corollary 2.5. Let f: R — R be a mapping for which there exists a constant €
(independent of x,y)> 0 such that the functional inequality

1 T+y 1

I\ ) =
f@) " fy)

holds for all x,y € R. Then there exists a unique Jensen type rational mapping

r: R — R satisfying the equation (1.3) and

<e€

r(x) = f(z)] < 2€

for all z € R.
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Proof: Taking ¢(z,y) = ¢, for all 2,y € R and choosing L = % in Theorem 2.3,
we obtain the desired result. a

Corollary 2.6. Let f : R — R be a mapping and let there exist real numbers
p # —1 and ¢; > 0 such that

1 T+y 1
§f< 9 >_ L“”L <a (|x|p+|y|p)
flx) ' fy)

for allx,y € R. Then, there exists a unique Jensen type rational mapping r : R —
R satisfying the equation (1.3) and

2P+lcl

(@) — fx)] <3 )
fig—pill|z|pa p < -1

|$|p, p > —1

for all x € R.

Proof: The result follows from Theorems 2.3 and 2.4 by taking

o(z,y) = c1 (|=” + [y[*)

for all z,y € R and L = 27771 and L = 2P*! respectively. O

Remark 2.7. If upper bound is taken as ¢(z,y) = co|z[’|y|? and then letting
y = 0 in the above corollary, one can find that the upper bound becomes 0 and it
is trivial that the mapping f satisfies the Jensen type rational functional equation
(1.3). Similarly, if upper bound is assumed as ¢(z,y) = c3 (|z|P| + y|? + (|2|2|y|?))
in the above corollary, then the result is akin to Corollary 2.6. Hence we omit the
above two results in this study.
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