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ABSTRACT 

In this paper, we prove the generalized HyersUlam stability of the 

following Cauchy type additive functional equation and the quadratic type 

functional equation in nonArchimedean space: We will show that the 

solution of the first and second equation are the additive and quadratic 

mappings  
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1.  Introduction 

Let 𝑿 and 𝒀 be a normed spaces on the same  field 𝕂; and 𝒇 ∶  𝑿 →  𝒀 be a mapping. We use the 

notation ‖. ‖ for the norms on both 𝑿 and 𝒀: In this paper, we investigate some functional equation 

when 𝑿 is a additive semigroup and Y is a non-Archimedean Banach space or when 𝑿 is a is a 

additive group and 𝒀 is a non-Archimedean Banach space. In fact, when 𝑿 is a is a additive 

semigroup and 𝒀 is a non-Archimedean Banach space. we solve and prove the Hyers-Ulam stability 

of following Cauchy type additive functional equation 

𝑓 (
1

𝐾
∑ 𝑥𝑘+1 +𝑘

𝑖=1 ∑ 𝑥𝑖
𝑘
𝑖=1 ) = ∑ 𝑓 𝑘

𝑖=1 (
𝑥𝑘+1

𝑘
) + ∑ 𝑓 𝑘

𝑘=1 (𝑥𝑖)                           (1.1) 

and 
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when 𝑿 is a additive group and Y is a non-Archimedean Banach space we solve and prove the Hyers-

Ulam stability of following quadratic type functional equation 

𝑓 (
1

𝐾
∑ 𝑥𝑘+1 +𝑘

𝑖=1 ∑ 𝑥𝑖
𝑘
𝑖=1 ) + 𝑓 (

1

𝐾
∑ 𝑥𝑘+1 −𝑘

𝑖=1 ∑ 𝑥𝑖
𝑘
𝑖=1 ) = 2 ∑ 𝑓 𝑘

𝑖=1 (
𝑥𝑘+1

𝑘
) + 2 ∑ 𝑓 𝑘

𝑖=1 (𝑥𝑖)   (1.2) 

Note: 𝑘 be a fixed integer with k ≥ 2: 

The study of the functional equation stability originated from a question of S.M. Ulam [34], 

concerning the stability of group homomorphisms. Let (𝔾,∗ ); be a group and let (𝔾′, 𝑜, 𝑑)  be a 

metric group with metric  𝑑 (. , . ). Geven 𝜖 > 0, does there exist a  𝛿 > 0  such that if 𝑓 ∶  𝔾 → 𝔾′ 

satisfies. 

𝑑(𝑓(𝑥 ∗ 𝑦), 𝑓(𝑥)𝑜 𝑓(𝑦)) < 𝛿 

for all 𝑥;  𝑦 ∈  𝔾 then there is a homomorphism ℎ ∶  𝔾 → 𝔾′  with 

𝑑(𝑓(𝑥), ℎ(𝑥)) <  𝜖  

for all 𝑥 𝜖  𝔾? ?, if the answer, is affirmative, we would say that equation of homomophism 

ℎ(𝑥 ∗ 𝑦) = ℎ(𝑦), 𝑜, ℎ(𝑦) is stable. The concept of stability for a functional equation arises when we 

replace functional equation by an inequality which acts as a perturbation of the equation. Thus the 

stability question of functional equations is that how do the solutions of the inequality di_er from 

those of the given function equation? Hyers[18] gave a first affirmative answes the question of Ulam 

as follows: 

Let 𝐸1 be a normed space, 𝐸2  a Banach space and suppose that the mapping 𝑓 ∶  𝐸1 → 𝐸2  satisfies 

inequality, 

‖𝑓(𝑥 + 𝑦) − 𝑓(𝑥) − 𝑓(𝑦)‖ ≤  𝜖  

for all 𝑥;  𝑦 ∈  𝔼1  where  𝜖 ≥ 0 is a constant. Then the limit 𝑇(𝑥) =  log𝑛→∞ 2−𝑛 𝑓( 2𝑛𝑥) exists for 

each 𝑦 ∈  𝐸1and 𝑇 is the unique additive mapping, 

‖𝑓(𝑥) − 𝑇(𝑥)‖ ≤  𝜖, ∀𝑥∈  𝔼1  

Also if for each 𝑥 the functional 𝑡 →  𝑓(𝑥𝑡)from ℝ 𝑡𝑜 𝔼2is continuous on ℝ: If 𝑓 continuous at a 

single point of 𝔼1  ; then 𝑇 is continuous everywhere in 𝔼1    

Next Th. M. Rassias [29] provided a generalization of Hyers' Theorem as a special  case. Suppose 𝔼 

and 𝔼′ is normed space with 𝔼′ a complete normed space, 𝑓 ∶  𝔼 →  𝔼′  is a mapping such that for 

each fixed 𝑥 ∈  𝐸 the mapping 𝑡 →  𝑓 (𝑥𝑡)is continuous on ℝ. 

Assume that there exist 𝜖 >  0 and 𝑝 ∈  [0;  1] such that, 

‖𝑓(𝑥 + 𝑦) − 𝑓(𝑥) − 𝑓(𝑦)‖ ≤  𝜖, (‖𝑥‖𝑝 + ‖𝑦‖𝑝), ∀𝑥,𝑦∈  𝔼 

Then ther exists a unique linear 𝐿: 𝔼 →  𝔼′  satisfies 

‖𝑓(𝑥) − 𝐿(𝑥)‖ ≤
𝜖

1 − 21−𝑝
‖𝑥‖𝑝𝑥 ∈  𝔼 

The case of the existence of a unique additive mapping had been obtained by Aoki [1], as it is 

recently noticed by Lech Maligranda. However, Aoki [1] had claimed the existence of a unique linear 

mapping, that is not true because he did not allow the mapping f to satisfy some continuity 

assumption. Th. M. Rassis[29], who independently introduced the unbouned di 

erence was the  first to prove that there exists a unique linear mapping T satisfying 
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‖𝑓(𝑥) − 𝑇(𝑥)‖ ≤
𝜖

1 − 21−𝑝
‖𝑥‖𝑝𝑥 ∈  𝔼 

In 1990, Th. M. Rassias [31] during the 27th  International Symposium on Functional Equation asked 

the question whether such a theorem can also be proved for 𝑝 ≥ 1: In 1991, Z. Gajda [15] following 

the same approach as in Th. M. Rassias [31], gave an affirmative solution to this question for 𝑝 >  1: 

It was proved by Gajda [15], as well as by Th. M. Rassias and P. Semrl [32] that one can not prove a 

Th. M. Rassias type therem when 𝑝 =  1: In 1994, P. Gavruta [17] provided a further generalization 

of Th. M. Rassias theorem in which he replaced the bouned 𝜖(‖𝑥‖𝑝 + ‖𝑥‖𝑝) by a general control 

function  𝜓(𝑥, 𝑦) for the existence of a unique linear mapping. In [12], Czerwik proved the 

generalizaed Hyers-Ulam stability of the quadratic functional equation. Borelli and Forti [10] 

generalizaed stability the result as follows [19]: 

Let 𝑮 be an 𝐴𝑏𝑒𝑙𝑖𝑎𝑛 group, and 𝑿 a Banach space. Assume that a mapping 𝒇 ∶  𝑮 → 𝑿 satisfies the 

functional inequality 

‖𝑓(𝑥 + 𝑦) + 𝑓(𝑥 − 𝑦) − 2(𝑥) − 2𝑓(𝑦)‖ ≤  𝜑 (𝑥, 𝑦), ∀𝑥,𝑦∈  𝔾 

and 𝜑: 𝔾 × 𝔾 → [0, ∞] is function such that  

𝜓(𝑥, 𝑦) = ∑ 𝜑 (2′𝑥, 2′𝑦) < ∞

∞

𝑖=0

 

 ∀𝑥,𝑦∈  𝔾. Then there exists a unique quadratic mapping Q: 𝔾 → 𝕏 with th eproperties 

‖𝑓(𝑥) + 𝑄(𝑥)‖ ≤ 𝜓(𝑥, 𝑥) ∀𝑥,𝑦∈  𝔾 

Here, we cannot fail to notice that S-M. Jung [19] dealt with stability problem for the quadratic 

function equation of pexider type  

𝑓1(𝑥 + 𝑦) + 𝑓2(𝑥 − 𝑦) = 𝑓3(𝑥) − 𝑓4(𝑦) 

In addition, the conditional stability of quadratic equation and stability of the quadratic mappings in 

Banach modules were stdied by M. S. Mosilehian [22] and C. Park [27]. next In 2007 Mohammad Sal 

Moslehian, Themistocles M. Rassias [21] proved the generalized Hyers-Ulam stability of Cauchy 

additive functional equation and quadratic func- tional equation. Recently, in [3-6, 21] the authors 

studied the Hyers-Ulam stability for the following functional equations 

𝑓(𝑥 + 𝑦) = 𝑓(𝑥) + 𝑓(𝑦)                                                            1.3 

and  

𝑓(𝑥 + 𝑦) + 𝑓(𝑥 − 𝑦) = 2𝑓(𝑥) + 2𝑓(𝑦)                                                            1.4 

Next 

𝑓 (
𝑥+𝑦

2
 + 𝑧) = 𝑓 (

𝑥+𝑦

2
) + 𝑓(𝑧)                                                            1.5 

and 

𝑓 (
𝑥+𝑦

2
 + 𝑧) + 𝑓 (

𝑥+𝑦

2
− 𝑧) = 2𝑓 (

𝑥+𝑦

2
) + 2𝑓(𝑧)                                         1.6 

in non-Archimedean spaces. So that we solve and proved the Hyers-Ulam type stability for functional 
equation (1.1) and (1.2) ie the functional equations with 2𝑘-variables. Under suitable assumptions 
on spaces 𝑿 and 𝒀, we will prove that the mappings satisfying the functional equations (1.1) or (1.2). 
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Thus, the results in this paper are generalization of those in [3-6, 21] for functional equations with 
2𝑘-variables.  

The paper is organized as follows: 

In section preliminaries we remind some basic notations in [3-6, 11, 20] such as Non Archimedean 
field, Non-Archimedean normed space and Non-Archimedean Banach space. 

Section 3 we prove the generalized Hyers-Ulam stability of the Cauchy type additive functional 
equation (1.1) when 𝑮 is an additive semigroup and 𝑿 Non-Archimedean Banach space. 

Section 4 we prove the generalized Hyers-Ulam stability of the quadratic type functional equation 
(1.2) when G is an additive group and 𝑿 Non-Archimedean Banach space. 

2. Preliminaries 

2.1. Non-Archimedean normed and Banach spaces. In this subscetion we recall some basic 
notations [11, 20] such as Non-Archimedean fields, Non-Archimedean normed spaces and Non-
Archimedean normed spaces. 

A valuation is a function | . | from a field 𝕂 into 𝑘 [0; 1) such that 0 is the unique element having the 

0 valuation, 

|𝑟| = 0 ↔ 𝑟 = 0 

|𝑟𝑠| = |𝑟| |𝑠| ∀𝑟, 𝑠 ∈  𝕂 

And the triangle inequality holds, ie., 

|𝑟 + 𝑠| ≤ |𝑟| + |𝑠| ∀𝑟, 𝑠 ∈  𝕂 

A field K is called a valued filed if 𝕂 carries a valuation. The usual absolute values of ℝ are examples 

of valuation. Let us consider a valuation which satisfies a stronger condition than the triangle 

inaquality. If the tri triangle inequality is replaced by 

|𝑟 + 𝑠| ≤ max{|𝑟|, |𝑠|} ∀𝑟, 𝑠 ∈  𝕂 

then the function is | . | called a norm-Archimedean valuational, and filed. Clearly | 1 | = |−1| =

1 𝑎𝑛𝑑 |𝑛|  ≤ 1 ∀𝑛∈ 𝑁.  A trivial expamle of a non- Archimedean valuation is the function talking 

everything except for 0 into 1 and |0| = 0 this paper, we assume that the base field is a non- 

Archimedean filed, hence call it simply a filed. 

Definition 2.1 Let be a vector space over a filed K with a non-archimedean | . |. A function ‖. ‖: 𝑋 →

[0, ∞) is said a non-archimedean norm if it satisifies the following conditions  

(1)  ‖𝑥‖ = 0 𝑖𝑓 𝑎𝑛𝑑 𝑜𝑛𝑙𝑦 𝑖𝑓 𝑥 = 0; 

(2)  ‖𝑟, 𝑥‖ = |𝑟| ‖𝑥‖(𝑟 ∈  𝕂, 𝑥 ∈ 𝑋); 

(3)  ‖𝑥 + 𝑦‖ ≤ max{ ‖𝑥‖, ‖𝑦‖} 𝑥, 𝑦 ∈ 𝑋 ℎ𝑜𝑙𝑑. 

Then (𝑋, ‖. ‖)called a norm archimedean norm space .Due to the facti that  

‖𝑥𝑛 + 𝑥𝑚‖ ≤ max{‖𝑥𝑗+1 + 𝑥𝑗‖: 𝑚 ≤ 𝑗 ≤ 𝑛 − 1} (𝑛 > 𝑚) 

Definition 2.2. Let {𝑥𝑛}, be a sequence in a norm -Archimedean normed space X. 

(1) A sequence {𝑥𝑛}𝑛=1
∞ in a non -Archimedean space is a Cauchy sequence if the {𝑥𝑛+1 − 𝑥𝑛}𝑛=1

∞  
converges to zero 

(2) The sequence {𝑥𝑛}𝑛=1
∞  is said to be convergent if, for any 𝜖 >  0, there are a positive 

integer N and 𝑥 ∈  𝑋 such that 
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‖𝑥𝑛 + 𝑥‖ ≤  𝜖. ∀𝑛 ≥ 𝑁, 

 

for all 𝑛, 𝑚 ≥  𝑁. Then the point 𝑥 ∈  𝑋 is called the limit of sequence xn, which is denoted by 
limn→∞ xn = x. 

(3) If every sequence Cauchy in 𝑿 convergent, then the norm -Archimedean normed space 𝑿 is 

called a norm -Archimedean Bnanch space. 

2.2. Solutions of the inequalities. The functional equation 

𝑓  (𝑥 +  𝑦) =  𝑓 ( 𝑥)   +  𝑓 (𝑦) 

is called the Cauchuy equation. In particular, every solution of the Cauchuy equation is said to be an 
𝑎𝑑𝑑𝑖𝑡𝑖𝑣𝑒 𝑚𝑎𝑝𝑝𝑖𝑛𝑔. 

The functional equation 

𝑓 (𝑥 +  𝑦) +  𝑓 (𝑥 −  𝑦) =  2𝑓 ( 𝑥)    +  2𝑓 (𝑦) 

is called the quadratic equation. In particular, every solution of the quadratic equation is said to be a 
𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑚𝑎𝑝𝑝𝑖𝑛𝑔. 

MAIN RESULTS 

3. STABILITY of THE CAUCHY TYPE ADDITIVE FUNCTIONAL EQUATION 

In this section, assume that 𝑿 is an additive semigroup and 𝒀 is a complete non- Archimedean space. 

Theorem 3.1. Let 𝐿 ∶  𝑋2𝑘  → [0, ∞) be a functional such that 

lim𝑛→∞
𝐿:(2𝑘)𝑛𝑥1,(2𝑘))𝑛𝑥2……..(2𝑘)𝑛𝑥2𝑘)

|2𝑘|2                                                             (3.1) 

For all𝑥1, 𝑥2, … … 𝑥2𝑘 ∈ 𝑋 𝑎𝑛𝑑 𝑙𝑒𝑡 𝑒𝑎𝑐ℎ 𝑥 ∈ 𝑋 𝑡ℎ𝑒𝑛 𝑙𝑖𝑚𝑖𝑡 

𝜙(𝑥) = lim𝑛→∞ max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|2𝑘|𝑗 } 0 ≤ 𝑗 < 𝑛                                        (3.2) 

Exists, suppose that 𝑓: 𝑋 → 𝑌 𝑏𝑒 𝑎 𝑚𝑎𝑝𝑝𝑖𝑛𝑔 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔  

‖𝑓 (∑ 𝑥𝑖 +
1

𝐾
𝑘
𝑖=1 ∑ 𝑥𝑘+𝑖

𝑘
𝑖=1 ) − ∑ 𝑓 𝑘

𝑖=1 (𝑥𝑖) − ∑ 𝑓 𝑘
𝑘=1 (

𝑥𝑘+𝑖

𝑘
)  ‖ ≤ 𝐿(𝑥1, 𝑥2 … … 𝑥2𝑘)      (3.3) 

then let there exists an additive mapping 𝑇 ∶  𝑋 → 𝑌 such that 

‖ 𝑓(𝑥) − 𝑇(𝑥)‖ ≤
1

|2𝑘|
𝜙(𝑥)                                                                  (3.4) 

for all 𝑥 𝜖 𝑋. Moreover, if 

lim𝑝→∞lim𝑛→∞  max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|2𝑘|𝑗 ;  𝑝 ≤ 𝑗 < 𝑛 + 𝑝} = 0       (3.5) 

then 𝑇 is the unique additive mapping satisfying (3.4) 

𝑃𝑟𝑜𝑜𝑓. Putting 𝑥𝑖 =  𝑥 and 𝑥𝑖 + 1 =  𝑘𝑥 for all 𝑖 =  1;  2; ∶: : ;  𝑘 𝑖𝑛 (3.3), we get 

‖ 𝑓(2𝑘𝑥) − 2𝑘𝑓(𝑥)‖ ≤ 𝐿(𝑥, 𝑥, … . . 𝑥)                                                                      (3.6) 

for all 𝑥 𝜖 𝑋. Replacing 𝑥 by (2𝑘)𝑛−1𝑥 in (3.6), we obtain 

‖
 𝑓(2𝑘)𝑛𝑥

(2𝑘)𝑛 −
𝑓((2𝑘)𝑛−1𝑥)

(2𝑘)𝑛−1 ‖ ≤
𝐿((2𝑘)𝑛−1𝑥,(2𝑘)𝑛−1𝑥,…..(2𝑘)𝑛−1𝑥) 

|2𝑘|𝑛                                                  (3.7) 

It following from (3.1) and (3.7) that the sequence {
 𝑓((2𝑘)𝑛𝑥)

(2𝑘)𝑛 }  is Cauchy sequence. 

Since Y is complete, we conlude that {
 𝑓((2𝑘)𝑛𝑥)

(2𝑘)𝑛 } is convergent. Set 



Bull .Math.&Stat.Res ( ISSN:2348 -0580)  

   32 

Vol.8.Issue.4.2020 (Oct-Dec.) 

LY VAN AN 
 

T(x) = lim𝑛→∞

 𝑓((2𝑘)𝑛𝑥)

(2𝑘)𝑛
 

Using induction one can show that 

‖
 𝑓(2𝑘)𝑛𝑥

(2𝑘)𝑛
− 𝑓(𝑥)‖ ≤

1

|2𝑘|
max {

𝐿((2𝑘)𝑝𝑥, (2𝑘)𝑝𝑥, … . . (2𝑘)𝑝𝑥)

|2𝑘|𝑝
; 0 ≤ 𝑝 < 𝑛}       (3.8) 

for all 𝑛 ∈  ℕ and all 𝑥 ∈ 𝑋. By taking 𝑛 to approach infinity in (3.8), and using (3.2), 

one obtains (3.4 ). Replacing 𝑥𝑖 and 𝑥𝑘+𝑖 𝑏𝑦 (2𝑘)𝑛𝑥𝑖 and 2𝑘)𝑛𝑥𝑘+1, respectively, in (3.3) 

‖
1

(2𝑘)𝑛
𝑓 (∑(2𝑘)𝑛𝑥𝑖 +

1

𝐾

𝑘

𝑖=1

∑(2𝑘)𝑛𝑥𝑘+𝑖

𝑘

𝑖=1

) −
1

(2𝑘)𝑛
∑ 𝑓 

𝑘

𝑖=1

((2𝑘)𝑛𝑥𝑖)

−
1

(2𝑘)𝑛
∑ 𝑓 

𝑘

𝑘=1

(
(2𝑘)𝑛𝑥𝑘+𝑖

𝑘
)  ‖ ≤

𝐿((2𝑘)𝑛𝑥1, (2𝑘)𝑛𝑥2 … … (2𝑘)𝑛𝑥2𝑘)

|2𝑘|𝑛
       

Taking the limit as n → ∞ and using (3.1) we get 

𝑓 (∑ 𝑥𝑗 +
1

𝑛

𝑘

𝑗=1

∑ 𝑥𝑘+𝑗

𝑘

𝑖=1

) = ∑ 𝑓 

𝑘

𝑗=1

(𝑥𝑗) − ∑ 𝑓 

𝑘

𝑗=1

(
𝑥𝑘+𝑗

𝑘
)                                  (3.9) 

𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥1, 𝑥2, … … 𝑥2𝑘 ∈  𝑋 𝑇𝑜 𝑝𝑟𝑜𝑣𝑒 𝑡ℎ𝑒 𝑢𝑛𝑖𝑞𝑢𝑒𝑛𝑒𝑠𝑠 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦 𝑜𝑓 𝑇, 𝑙𝑒𝑡 𝑃 ∶  𝑋 

→  𝒀 𝑏𝑒 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 (3.4). 𝑇ℎ𝑒𝑛 

‖ 𝑇(𝑥) − 𝑃(𝑥)‖ = lim𝑛→∞|2𝑘|−𝑛‖ 𝑇((2𝑘)𝑛𝑥) − 𝑃((2𝑘)𝑛𝑥)‖  

≤ lim𝑛→∞|2𝑘|−𝑛 max{‖ 𝑇((2𝑘)𝑛𝑥) − 𝑓((2𝑘)𝑛𝑥)‖ ,    ‖ 𝑓((2𝑘)𝑛𝑥) − 𝑃((2𝑘)𝑛𝑥)‖}  

≤    
1

|2𝑘|
    lim𝑝→∞lim𝑛→∞   max{

𝐿: (2𝑘)𝑗𝑥, (2𝑘))𝑗𝑥 … … . . (2𝑘)𝑗𝑥)

|2𝑘|𝑗
;  𝑝 ≤ 𝑗

< 𝑛 + 𝑝} = 0                                                    

for all 𝑥 ∈  𝑋. Therefore 𝑇 =  𝑃, and the proof is complete. 

Corollary 3.2. Let𝛽: [0, ∞) → [0, ∞) be mapping satisfying 

𝛽(|2𝑘|) ≤ 𝛽(|2𝑘|)𝛽(𝑡)(𝑡 ≥ 0) 𝑎𝑛𝑑  𝛽(|2𝑘|) <  |2𝑘| 

Let  𝛿 >  0, 𝑿 be a normed space and 𝑓 ∶  𝑋 → 𝑌 fulfill the inequality 

‖𝑓 (∑ 𝑥𝑖 +
1

𝐾

𝑘

𝑖=1

∑ 𝑥𝑘+𝑖

𝑘

𝑖=1

) − ∑ 𝑓 

𝑘

𝑖=1

(𝑥𝑖) − ∑ 𝑓 

𝑘

𝑘=1

(
𝑥𝑘+𝑖

𝑘
)  ‖ < 𝛽 (‖𝑥𝑖‖ +

1

𝑘
 ∑‖𝑥𝑘+𝑖‖

𝑘

𝑖=1

)     (3.10) 

for all x1,  x2 ,……x2k ∈ X. Then exists a additive mapping T : X → Y such that 

‖ 𝑓(𝑥) − 𝑇(𝑥)‖ ≤
2

|2𝑘|
𝛿𝛽(‖𝑥‖)                                                                   

for all x ∈ X 

Proof. Defining 𝐿: 𝑥2𝑘 → [0, ∞) 𝑏𝑦 

𝐿(𝑥1, 𝑥2, … . , 𝑥2𝑘) ≔ 𝛿(∑ 𝛽‖𝑥𝑖‖

𝑘

𝑖=1

+
1

𝑘
 ∑ 𝛽‖𝑥𝑘+𝑖‖

𝑘

𝑖=1
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then we have 

lim𝑛→∞  
𝐿((2𝑘)𝑛𝑥1,(2𝑘)𝑛𝑥2……(2𝑘)𝑛𝑥2𝑘)

|2𝑘|𝑛 ≤ lim𝑛→∞ (
𝛽(|2𝑘|)

|2𝑘|
)

2
𝐿(𝑥1, 𝑥2, … . , 𝑥2𝑘)                     (3.11) 

𝜙(𝑥) = lim𝑛→∞ max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|2𝑘|𝑗 ;  0 ≤ 𝑗 < 𝑛} = 𝐿(𝑥, 𝑥, … 𝑥)                  (3.12) 

lim𝑝→∞lim𝑛→∞  max{
𝐿: (2𝑘)𝑗𝑥, (2𝑘))𝑗𝑥 … … . . (2𝑘)𝑗𝑥)

|2𝑘|𝑗
;  𝑝 ≤ 𝑗 < 𝑛 + 𝑝 = 0   

= lim𝑛→∞   
((2𝑘)𝑛𝑥1, (2𝑘)𝑛𝑥2 … … (2𝑘)𝑛𝑥2𝑘)

|2𝑘|𝑛
= 0    

Applying Theorem (3.1) we conclude the required result. 

4. Stability of the quadratic type functional equation 

In this section, assume that 𝑮 is an additive group and 𝑿 is a complete non-Archimedean space. 

Theorem 4.1. Let 𝐿 ∶  𝐺2𝑘  → [0, ∞) be a functional such that 

lim𝑛→∞
𝐿:(2𝑘)𝑛𝑥1,(2𝑘))𝑛𝑥2……..(2𝑘)𝑛𝑥2𝑘)

|4𝑘|2                                                             (4.1) 

For all𝑥1, 𝑥2, … … 𝑥2𝑘 ∈ 𝐺 𝑎𝑛𝑑 𝑙𝑒𝑡 𝑒𝑎𝑐ℎ 𝑥 ∈ 𝐺 𝑡ℎ𝑒𝑛 𝑙𝑖𝑚𝑖𝑡 

𝜙(𝑥) = lim𝑛→∞ max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|4𝑘|𝑗  0 ≤ 𝑗 < 𝑛}                                        (4.2) 

Exists, suppose that 𝑓: 𝐺 → 𝑌 𝑏𝑒 𝑎 𝑚𝑎𝑝𝑝𝑖𝑛𝑔 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 𝑓(0) = 0 and 

‖𝑓 (∑ 𝑥𝑖 +
1

𝐾
𝑘
𝑖=1 ∑ 𝑥𝑘+𝑖

𝑘
𝑖=1 ) + 𝑓 (

1

𝑘
∑ 𝑥𝑘+𝑖 𝑘

𝑖=1 − ∑ 𝑥𝑖
𝑘
𝑖=1 ) − 2 ∑ 𝑓(𝑥𝑖) − 2 ∑ 𝑓 (

𝑥𝑘+𝑖

𝑘
) 𝑘

𝑖=1
𝑘
𝑖=1   ‖  ≤

𝛿 (∑ 𝛾𝑘
𝑖=1  ‖𝑥𝑖‖ +

1

𝑘
 ∑ 𝛾𝑘

𝑖=1  ‖𝑥𝑘+𝑖‖)    (4.3) 

then there exists a quadratic mapping T : G → X such that 

‖ 𝑓(𝑥) − 𝑇(𝑥)‖ ≤
1

|4𝑘|
(𝛿𝛾(‖𝑥‖)2                                                                  (4.4) 

for all 𝒙 ∈  𝑮, moreover, if 

lim𝑝→∞lim𝑛→∞  max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|4𝑘|𝑗 ;  𝑝 ≤ 𝑗 < 𝑛 + 𝑝} = 0             (4.5) 

then 𝑻 is the unique quadratic mapping satisfying (4.4) 

Proof. Putting 𝑥𝑖  =  𝑥 and 𝑥+1𝑖  =  𝑘𝑥 for all i =  1,2, … … . , 𝑘 in (4.3), we get 

‖ 𝑓(2𝑘𝑥) − 4𝑘𝑓(𝑥)‖ ≤ 𝐿(𝑥, 𝑥, , 𝑥)                                                (4.6) 

𝑓𝑜𝑟 𝑎𝑙𝑙 𝒙 ∈  𝑮. 𝑅𝑒𝑝𝑙𝑎𝑐𝑖𝑛𝑔 𝑥 𝑏𝑦 (2𝑘)𝑛−1𝑥 𝑖𝑛 (4.6), 𝑤𝑒 𝑜𝑏𝑡𝑎𝑖𝑛 

‖
 𝑓(2𝑘)𝑛𝑥

(4𝑘)𝑛 −
𝑓((2𝑘)𝑛−1𝑥)

(4𝑘)𝑛−1 ‖ ≤
𝐿((2𝑘)𝑛−1𝑥,(2𝑘)𝑛−1𝑥,…..(2𝑘)𝑛−1𝑥) 

|4𝑘|𝑛                     (4.7) 

It following from (4.1) and (4.7) that the sequence {
 𝑓((2𝑘)𝑛𝑥)

(4𝑘)𝑛 }  is Cauchy sequence. 

Since 𝑿 is complete, we conlude that {
 𝑓((4𝑘)𝑛𝑥)

(4𝑘)𝑛 } is convergent. Set 

T(x) = lim𝑛→∞

 𝑓((2𝑘)𝑛𝑥)

(4𝑘)𝑛
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Using induction one can show that 

‖
 𝑓(2𝑘)𝑛𝑥

(4𝑘)𝑛
− 𝑓(𝑥)‖ ≤

1

|4𝑘|
max {

𝐿((2𝑘)𝑝𝑥, (2𝑘)𝑝𝑥, … . . (2𝑘)𝑝𝑥)

|4𝑘|𝑝
; 0 ≤ 𝑝 < 𝑛}       (4.8) 

for all 𝑛 ∈  ℕ and all 𝑥 ∈ 𝐺. By taking 𝑛 to approach infinity in (4.8), and using (4.2), 

one obtains (4.4 ). Replacing 𝑥𝑖 and 𝑥𝑘+𝑖 𝑏𝑦 (2𝑘)𝑛𝑥𝑖 and (2𝑘)𝑛𝑥𝑘+1, respectively, in (4.3) 

‖
1

(4𝑘)𝑛
𝑓 (∑(2𝑘)𝑛𝑥𝑖 +

1

𝐾

𝑘

𝑖=1

∑(2𝑘)𝑛𝑥𝑘+𝑖

𝑘

𝑖=1

) −
1

(4𝑘)𝑛
∑ 𝑓 

𝑘

𝑖=1

((2𝑘)𝑛𝑥𝑖)

−
1

(4𝑘)𝑛
∑ 𝑓 

𝑘

𝑘=1

(
(2𝑘)𝑛𝑥𝑘+𝑖

𝑘
)  ‖ ≤

𝐿((2𝑘)𝑛𝑥1, (2𝑘)𝑛𝑥2 … … (2𝑘)𝑛𝑥2𝑘)

|4𝑘|𝑛
 

Taking the limit as n → ∞ and using (4.1) we get 

𝑓 (
1

𝑘
∑ 𝑥𝑘+𝑗

𝑘

𝑗=1

+ ∑ 𝑥𝑖 +
1

𝑘
 

𝑘

𝑖=1

) + 𝑓 (
1

𝑘
∑ 𝑥𝑘+𝑗 

𝑘

𝑖=1

− ∑ 𝑥𝑖  

𝑘

𝑖=1

) = 2 ∑ 𝑓 (
𝑥𝑘+𝑗

𝑘
)

𝑘

𝑖=1

+ 2 ∑ 𝑥𝑖  

𝑘

𝑖=1

    (4.9) 

 

𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥1, 𝑥2, … … 𝑥2𝑘 ∈  𝐺.  𝑇𝑜 𝑝𝑟𝑜𝑣𝑒 𝑡ℎ𝑒 𝑢𝑛𝑖𝑞𝑢𝑒𝑛𝑒𝑠𝑠 𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦 𝑜𝑓 𝑇, 𝑙𝑒𝑡 𝑃 ∶  𝐺

→  𝒀 𝑏𝑒 𝑎𝑛𝑜𝑡ℎ𝑒𝑟 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑠𝑎𝑡𝑖𝑠𝑓𝑦𝑖𝑛𝑔 (4.4). 𝑇ℎ𝑒𝑛 

‖ 𝑇(𝑥) − 𝑃(𝑥)‖ = lim𝑛→∞|4𝑘|−𝑛‖ 𝑇((2𝑘)𝑛𝑥) − 𝑃((2𝑘)𝑛𝑥)‖  

≤ lim𝑛→∞|4𝑘|−𝑛 max{‖ 𝑇((2𝑘)𝑛𝑥) − 𝑓((2𝑘)𝑛𝑥)‖ ,    ‖ 𝑓((2𝑘)𝑛𝑥) − 𝑃((2𝑘)𝑛𝑥)‖}  

≤    
1

|4𝑘|
    lim𝑝→∞lim𝑛→∞  max{

𝐿: (2𝑘)𝑗𝑥, (2𝑘))𝑗𝑥 … … . . (2𝑘)𝑗𝑥)

|4𝑘|𝑗
;  𝑝 ≤ 𝑗

< 𝑛 + 𝑝} = 0  

for all 𝑥 ∈  𝐺. Therefore 𝑇 =  𝑃, and the proof is complete. 

Corollary 4.2.Let𝛾: [0, ∞) → [0, ∞) be mapping satisfying 

𝛾(|2𝑘|) ≤ 𝛾(|2𝑘|)𝛾(𝑡)(𝑡 ≥ 0) 𝑎𝑛𝑑  𝛾(|2𝑘|) <  |2𝑘| 

Let  𝛿 >  0, 𝑮 be a normed space and be an even mapping satisfying 𝑓 ∶  𝐺 → 𝑌 fulfill f(0)=0 and the 

inequality  
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‖𝑓 (
1

𝑘
∑ 𝑥𝑘+𝑗

𝑘

𝑖=1

+ ∑ 𝑥𝑖  

𝑘

𝑖=1

) + 𝑓 (
1

𝑘
∑ 𝑥𝑘+𝑗 

𝑘

𝑖=1

− ∑ 𝑥𝑖 

𝑘

𝑖=1

) − 2 ∑ 𝑓 (𝑥𝑖) − 2 ∑ 𝑓

𝑘

𝑖=1

(
𝑥𝑘+𝑗

𝑘
)

𝑘

𝑖=1

‖   

< 𝛿 (∑ 𝛾‖𝑥𝑖‖

𝑘

𝑖=1

+
1

𝑘
 ∑ 𝛾‖𝑥𝑘+𝑖‖

𝑘

𝑖=1

)                                                                             (4.10) 

for all x1,  x2 ,……x2k ∈ G. Then exists aquadratic mapping T : G → Y such that 

‖ 𝑓(𝑥) − 𝑇(𝑥)‖ ≤
2

|4𝑘|
𝛿𝛾(‖𝑥‖) 2                                                                  

for all x ∈ G 

 

Proof. Defining 𝐿: 𝐺2𝑘 → [0, ∞) 𝑏𝑦 

𝐿(𝑥1, 𝑥2, … . , 𝑥2𝑘) ≔ 𝛿(∑ 𝛾‖𝑥𝑖‖

𝑘

𝑖=1

+
1

𝑘
 ∑ 𝛾‖𝑥𝑘+𝑖‖

𝑘

𝑖=1

 

then we have 

lim𝑛→∞  
𝐿((2𝑘)𝑛𝑥1,(2𝑘)𝑛𝑥2……(2𝑘)𝑛𝑥2𝑘)

|4𝑘|𝑛 ≤ lim𝑛→∞ (
𝛽(|2𝑘|)

|2𝑘|
)

2𝑛
𝐿(𝑥1, 𝑥2, … . , 𝑥2𝑘)                     (4.11) 

𝜙(𝑥) = lim𝑛→∞ max{
𝐿:(2𝑘)𝑗𝑥,(2𝑘))𝑗𝑥……..(2𝑘)𝑗𝑥)

|4𝑘|𝑗 ;  0 ≤ 𝑗 < 𝑛} = 𝐿(𝑥, 𝑥, … 𝑥)                  (4.12) 

lim𝑝→∞lim𝑛→∞  max{
𝐿: (2𝑘)𝑗𝑥, (2𝑘))𝑗𝑥 … … . . (2𝑘)𝑗𝑥)

|4𝑘|𝑗
;  𝑝 ≤ 𝑗 < 𝑛 + 𝑝}   

= lim𝑛→∞   
((2𝑘)𝑛𝑥1,(2𝑘)𝑛𝑥2……(2𝑘)𝑛𝑥2𝑘)

|4𝑘|𝑛 = 0                                                    (4.13)  

Applying Theorem (3.1) we conclude the required result. 
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