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Abstract
In this paper, we find the least value α and the greatest value β such that the double
inequality

Pα (a,b)Q1–α (a,b) <M(a,b) < Pβ (a,b)Q1–β (a,b)

holds true for all a,b > 0 with a �= b, where P(a,b),M(a,b) and Q(a,b) are the first
Seiffert, Neuman-Sándor and quadratic means of a and b, respectively.
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1 Introduction
Let u, v and w be the bivariate means such that u(a,b) < w(a,b) < v(a,b) for all a,b > 
with a �= b. The problems of finding the best possible parameters α and β such that the in-
equalities αu(a,b) + (–α)v(a,b) < w(a,b) < βu(a,b) + (–β)v(a,b) and uα(a,b)v–α(a,b) <
w(a,b) < uβ (a,b)v–β(a,b) hold for all a,b > with a �= b have attracted the interest ofmany
mathematicians.
For a,b >  with a �= b, the first Seiffert mean P(a,b) [], the Neuman-Sándor mean

M(a,b) [], the quadratic mean Q(a,b) are defined by

P(a,b) =
a – b

 arctan(
√
a/b) – π

, M(a,b) =
a – b

 sinh–( a–ba+b )
,

Q(a,b) =
√
a + b


,

(.)

respectively. In here, sinh–(x) = log(x +
√
x + ) is the inverse hyperbolic sine function.

Recently, themeans P,M andQ have been the subject of intensive research. In particular,
many remarkable inequalities for these means can be found in the literature [–]. The
first Seiffert mean P(a,b) can be rewritten as (see [, Eq. (.)])

P(a,b) =
a – b

 arcsin[(a – b)/(a + b)]
. (.)
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Let H(a,b) = ab/(a + b), L(a,b) = (b – a)/(logb – loga), A(a,b) = (a + b)/, T(a,b) =
(a–b)/[ arctan((a–b)/(a+b))] andC(a,b) = (a +b)/(a+b) be the harmonic, logarithmic,
arithmetic, second Seiffert and contra-harmonic means of a and b, respectively. Then it is
known that the inequalities

H(a,b) < L(a,b) < P(a,b) < A(a,b) <M(a,b) < T(a,b) <Q(a,b) < C(a,b)

hold for all a,b >  with a �= b.
Neuman and Sándor [, ] proved that the inequalities

π

 log( +
√
)
T(a,b) <M(a,b) <

A(a,b)
log( +

√
)
,

√
T(a,b) –Q(a,b) <M(a,b) <

T(a,b)
Q(a,b)

,

H
(
T(a,b),A(a,b)

)
<M(a,b) < L

(
A(a,b),Q(a,b)

)
, T(a,b) >H

(
M(a,b),Q(a,b)

)
,

M(a,b) <
A(a,b)
P(a,b)

, A/(a,b)Q/(a,b) <M(a,b) <
A(a,b) +Q(a,b)


,

√
A(a,b)T(a,b) <M(a,b) <

√
A(a,b) + T(a,b),

A(x, y)
A( – x,  – y)

<
M(x, y)

M( – x,  – y)
<

T(x, y)
T( – x,  – y)

,


A( – x,  – y)

–


A(x, y)
<


M( – x,  – y)

–


M(x, y)
<


T( – x,  – y)

–


T(x, y)
,

A(x, y)A( – x,  – y) <M(x, y)M( – x,  – y) < T(x, y)T( – x,  – y)

hold for all a,b >  and x, y ∈ (, /] with a �= b and x �= y.
Li et al. [] proved that the double inequality Lp (a,b) <M(a,b) < L(a,b) holds for all

a,b >  with a �= b, where Lp(a,b) = [(bp+ – ap+)/((p + )(b – a))]/p (p �= –, ), L(a,b) =
/e(bb/aa)/(b–a) and L–(a,b) = (b – a)/(logb – loga) is the pth generalized logarithmic
mean of a and b, and p = . . . . is the unique solution of the equation (p + )/p =
 log( +

√
).

In [], Neuman proved that the double inequalities

Qα(a,b)A–α(a,b) <M(a,b) <Qβ (a,b)A–β(a,b) (.)

and

Cλ(a,b)A–λ(a,b) <M(a,b) < Cμ(a,b)A–μ(a,b) (.)

hold for all a,b >  with a �= b if α ≤ /, β ≥ [log( +
√
) – log]/ log, λ ≤ / and

μ ≥ [log( +
√
) – log]/ log.

Jiang and Qi [, ] gave the best possible parameters α, β , t and t in (, /) such that
the inequalities

Q
(
αa + ( – α)b,αb + ( – α)a

)
<M(a,b) <Q

(
βa + ( – β)b,βb + ( – β)a

)
,

Qt,p(a,b) <M(a,b) <Qt,p(a,b)

http://www.journalofinequalitiesandapplications.com/content/2013/1/552


Gong et al. Journal of Inequalities and Applications 2013, 2013:552 Page 3 of 13
http://www.journalofinequalitiesandapplications.com/content/2013/1/552

hold for all a,b >  with a �= b and p ≥ /, where Qt,p(a,b) = Cp(ta + ( – t)b, tb + ( –
t)a)A–p(a,b).
Inspired by inequalities (.) and (.), in this paper, we present the optimal upper and

lower bounds for the Neuman-Sándor mean M(a,b) in terms of the geometric convex
combinations of the first Seiffert mean P(a,b) and the quadratic mean Q(a,b). All numer-
ical computations are carried out using Mathematica software.

2 Lemmas
In order to establish our main result, we need several lemmas, which we present in this
section.

Lemma . The double inequality

x +
x


–
x


<

√
 + x sinh–(x) < x +

x


–
x


+
x


(.)

holds for x ∈ (, ).

Proof To show inequality (.), it suffices to prove that

ω(x) =
√
 + x sinh–(x) –

(
x +

x


–
x



)
>  (.)

and

ω(x) =
√
 + x sinh–(x) –

(
x +

x


–
x


+
x



)
<  (.)

for x ∈ (, ).
From the expressions of ω(x) and ω(x), we get

ω() = ω() = , (.)

ω′
(x) =

xω∗
 (x)√

 + x
, ω′

(x) =
xω∗

(x)√
 + x

, (.)

where

ω∗
 (x) = sinh–(x) –

(
x –

x



)√
 + x,

ω∗
(x) = sinh–(x) –

(
x –

x


+
x



)√
 + x,

ω∗
 () = ω∗

() = , (.)

ω∗

′(x) =

x


√
 + x

>  (.)

and

ω∗

′(x) = –

x


√
 + x

<  (.)

for x ∈ (, ).
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Therefore, inequality (.) follows from (.)-(.), and inequality (.) follows from
(.)-(.) and (.). �

Lemma . The inequality

x√
 + x

>
[
sinh–(x)

]

holds for x ∈ (, ).

Proof Let x ∈ (, ), then from (.) we have

M( + x,  – x) > A/( + x,  – x)Q/( + x,  – x). (.)

Therefore, Lemma . follows from (.). �

Lemma . The inequality

√
 – x arcsin(x) > x –

x


–
x


(.)

holds for x ∈ (, .), and the inequality

√
 – x arcsin(x) < x –

x


–
x


(.)

holds for x ∈ (, ), where arcsin(x) is the inverse sine function.

Proof Let

ϕ(x) =
√
 – x arcsin(x) – x +

x


+
x


, (.)

ϕ(x) =
√
 – x arcsin(x) – x +

x


+
x


. (.)

Then simple computations lead to

ϕ() = ϕ() = , (.)

ϕ′
(x) =

xϕ∗
 (x)√
 – x

, ϕ′
(x) =

xϕ∗
 (x)√
 – x

, (.)

where

ϕ∗
 (x) =

(
x +

x



)√
 – x – arcsin(x),

ϕ∗
 (x) =

(
x +

x



)√
 – x – arcsin(x).

Note that

ϕ∗
 () = ϕ∗

 () = , ϕ∗
 (.) = . . . . , (.)
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ϕ∗

′(x) =

x( – x)

√
 – x

, (.)

ϕ∗

′(x) = –

x


√
 – x

<  (.)

for x ∈ (, ).
From (.) we clearly see that ϕ∗

 (x) is strictly increasing on (, 
√
/] and strictly

decreasing on [
√
/, .). This in conjunction with (.) implies that

ϕ∗
 (x) >  (.)

for x ∈ (, .).
Therefore, inequality (.) follows from (.), (.), (.) and (.), and inequality

(.) follows from (.) and (.)-(.) together with (.). �

Lemma . Let

�(x) =
√

 + x sinh–(x)
–


x( + x)

.

Then the inequality

�(x) >
x


–
x


+
x


– x (.)

holds for x ∈ (, .), and

�(x) <
x


–
x


+
x


(.)

holds for x ∈ (, ).

Proof To show inequalities (.) and (.), it suffices to prove that

φ(x) := x
(
 + x

)
sinh–(x)

[
�(x) –

(
x


–
x


+
x


– x

)]

= x
√
 + x – sinh–(x)

– x
(
 + x

)
sinh–(x)

(
x


–
x


+
x


– x

)
>  (.)

for x ∈ (, .), and

φ(x) := x
(
 + x

)
sinh–(x)

[
�(x) –

(
x


–
x


+
x



)]

= x
√
 + x – sinh–(x)

– x
(
 + x

)
sinh–(x)

(
x


–
x


+
x



)
<  (.)

for x ∈ (, ).
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From the expressions of φ(x) and φ(x), one has

φ() = φ() = , (.)

φ′
(x) =

x


√
 + x

φ∗
 (x), φ′

(x) = –
x


√
 + x

φ∗
 (x), (.)

where

φ∗
 (x) = x

(
, + x – x + x + x

)
– 

(
 – x + x – x – ,x

)√
 + x sinh–(x), (.)

φ∗
 (x) = x

(
x + x – x – 

)
+ 

(
 – x + x + x

)√
 + x sinh–(x). (.)

Note that

 – x + x – x – ,x

>  – × (.) – × (.) – ,× (.) = . . . . >  (.)

for x ∈ (, .).
Lemma . and equations (.)-(.) lead to

φ∗
 (x) > x

(
, + x – x + x + x

)

– 
(
 – x + x – x – ,x

)(
x +

x


–
x


+
x



)

=
x


(
, + ,,x + ,x – ,x + ,x

)
>  (.)

for x ∈ (, .), and

φ∗
 (x) > x

(
x + x – x – 

)

+ 
(
 – x + x + x

)(
x +

x


–
x



)

=
x


(
 + ,x + x – x

)
>  (.)

for x ∈ (, ).
Therefore, inequality (.) follows from (.), (.) and (.), and inequality (.)

follows from (.), (.) and (.). �

Lemma . Let

ϒ(x) =


x( + x)
–

√
 – x arcsin(x)

.

Then the inequality

ϒ(x) > –
x


+
x


–
x


(.)
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holds for x ∈ (, .), and

ϒ(x) < –
x


+
x


–
x


(.)

holds for x ∈ (, ).

Proof Let

ε(x) := x
(
 + x

)√
 – x arcsin(x)

[
ϒ(x) +

(
x


–
x


+
x



)]

=
√
 – x arcsin(x) – x

(
 + x

)

+ x
(
 + x

)√
 – x arcsin(x)

(
x


–
x


+
x



)
(.)

and

ε(x) := x
(
 + x

)√
 – x arcsin(x)

[
ϒ(x) +

(
x


–
x


+
x



)]

=
√
 – x arcsin(x) – x

(
 + x

)

+ x
(
 + x

)√
 – x arcsin(x)

(
x


–
x


+
x



)
. (.)

An easy calculation gives rise to

ε() = ε() = , (.)

ε′
(x) =

x
( – x)

ε∗
 (x), ε′

(x) =
x

( – x)
ε∗
 (x), (.)

where

ε∗
 (x) = –x

(
 – x – x – x + x

)
+

(
 – x + x + x – ,x

)√
 – x arcsin(x), (.)

ε∗
 (x) = –x

(
 – x

)(
 – x – x – x

)
+

(
 – x – x + x – x

)√
 – x arcsin(x). (.)

Note that

 – x + x + x – ,x

>  – × (.) – ,× (.) = . . . . >  (.)

for x ∈ (, .).
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It follows from (.), (.) and (.) that

ε∗
 (x) > –x

(
 – x – x – x + x

)

+
(
 – x + x + x – ,x

)(
x –

x


–
x



)

=
x



[
,


+ 
(


– x

)
+ ,x

(
 – x

)
+ x + ,x

]
>  (.)

for x ∈ (, .).
We claim that

ε∗
 (x) <  (.)

for x ∈ (, ). Indeed, let q(x) =  – x – x + x – x, then q(.) =
. . . . , q(.) = –. . . . and

q′(x) = –x
[
 +

,x


+ x

(
x –




)]
< 

for x ∈ (, ). Therefore, there exists unique x = . . . . ∈ (, ) such that q(x) >  for
x ∈ (,x) and q(x)≤  for [x, ). This in conjunction with (.) and (.) leads to

ε∗
 (x) < –x

(
 – x

)(
 – x – x – x

)

+
(
 – x – x + x – x

)(
x –

x


–
x



)

= –
x



[
,,,
,,

+ ,
(
x –

,
,

)

+ x
(
 – x

)(
 + x

)]
< 

for x ∈ (,x) and ε∗
 (x)≤ –x( – x)( – x – x – x) <  for x ∈ [x, ).

Therefore, inequality (.) follows from (.), (.), (.) and (.), and inequality
(.) follows from (.)-(.) and (.). �

Lemma . Let

μ(x) =
 + x

(x + x)
–


( + x)[sinh–(x)]

–
x

( + x)/ sinh–(x)
.

Then μ(x) < . for x ∈ [., ).

Proof Let

μ(x) =

x

–


[sinh–(x)]
, μ(x) =

√
 + x

–
x

sinh–(x)
.

Then

μ(x) =
μ(x)
 + x

+
μ(x)

( + x)/
. (.)
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Lemma . together with x > sinh–(x) gives μ(x) <  and

μ′
(x) =


x[sinh–(x)]

[
x√
 + x

–
(
sinh–(x)

)] > 

for x ∈ (, ). This in turn implies that

[
μ(x)
 + x

]′
=

μ′
(x)( + x) – xμ(x)

( + x)
>  (.)

for x ∈ (, ).
On the other hand, from the expression of μ(x), we get

μ() = . . . . > , (.)

μ′
(x) = –

x
( + x)/

+
μ∗
(x)

[sinh–(x)]
, (.)

where

μ∗
(x) =

x√
 + x

– sinh–(x), (.)

μ∗
() = , (.)

μ∗

′(x) = –

x

( + x)/
<  (.)

for x ∈ (, ).
From (.)-(.) we clearly see that μ′

(x) <  and μ(x) >  for x ∈ (, ). This in turn
implies that

[
μ(x)

( + x)/

]′
=

μ′
(x)( + x)/ – x

√
 + xμ(x)

( + x)
<  (.)

for x ∈ (, ).
Equation (.) and inequalities (.) and (.) lead to the conclusion that

μ(x)≤ μ()


+
μ(.)

[ + (.)]/
= . . . . < .

for x ∈ [., ). �

Lemma . Let

ν(x) = –
 + x

(x + x)
+


( – x) arcsin(x)

–
x

( – x)/ arcsin(x)
.

Then ν(x) < –. for x ∈ [., ).

Proof Differentiating ν(x) yields

ν ′(x) =
(x + x) arcsin(x)ν(x) + ( – x)ν(x)

x( – x)/( + x) arcsin(x)
, (.)
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where

ν(x) = x
√
 – x –

(
 + x

)
arcsin(x), (.)

ν(x) = 
(
 + x + x

)[√
 – x arcsin(x)

] – 
(
x + x

). (.)

Equation (.) leads to

ν(.) = –. . . . , (.)

ν ′
(x) =

 – x – x
√
 – x arcsin(x)√

 – x
<  (.)

for x ∈ [., ).
Therefore,

ν(x) <  (.)

for x ∈ [., ) follows from (.) and (.).
It follows from (.) and (.) that

ν(x) < 
(
 + x + x

)(
x –

x



)

– 
(
x + x

)

= –
x


(
 – x + x – x + x

)
<  (.)

for x ∈ [., ).
Equation (.) together with inequalities (.) and (.) leads to the conclusion that

ν(x) is strictly decreasing on [., ). This in turn implies that

ν(x)≤ ν(.) = –. . . . < –.

for x ∈ [., ). �

Lemma . Let λ = [ log(log( +
√
)) + log]/[ logπ – log] = . . . . , and 
(x) =

�(x) + λϒ(x), where �(x) and ϒ(x) are defined as in Lemmas . and ., respectively.
Then the function 
(x) is strictly decreasing on [., ).

Proof Let μ(x) and ν(x) be defined as in Lemmas . and ., respectively. Then differen-
tiating 
(x) yields


′(x) =�′(x) + λϒ
′(x) = μ(x) + λν(x) < . – .λ = –. . . . < 

for x ∈ [., ). This in turn implies that 
(x) is strictly decreasing on [., ). �

3 Main result
Theorem . The double inequality

Pα(a,b)Q–α(a,b) <M(a,b) < Pβ (a,b)Q–β(a,b)
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holds for all a,b >  with a �= b if and only if α ≥ / and β ≤ [ log(log( +
√
)) +

log]/[ logπ – log] = . . . . .

Proof Since P(a,b), M(a,b) and Q(a,b) are symmetric and homogeneous of degree ,
without loss of generality, we assume that a > b. Let p ∈ (, ), λ = [ log(log( +

√
)) +

log]/[ logπ – log] and x = (a – b)/(a + b). Then x ∈ (, ),

P(a,b)
A(a,b)

=
x

arcsin(x)
,

M(a,b)
A(a,b)

=
x

sinh–(x)
,

Q(a,b)
A(a,b)

=
√
 + x,

log[Q(a,b)] – log[M(a,b)]
log[Q(a,b)] – log[P(a,b)]

=
log( + x) –  logx +  log[sinh–(x)]
log( + x) –  logx +  log[arcsin(x)]

(.)

and

lim
x→+

log( + x) –  logx +  log[sinh–(x)]
log( + x) –  logx +  log[arcsin(x)]

=


, (.)

lim
x→–

log( + x) –  logx +  log[sinh–(x)]
log( + x) –  logx +  log[arcsin(x)]

= λ. (.)

The difference between the convex combination of log[P(a,b)], log[Q(a,b)] and log[M(a,
b)] is given by

p log
[
P(a,b)

]
+ ( – p) log

[
Q(a,b)

]
– log

[
M(a,b)

]

= p log
[

x
arcsin(x)

]
+
 – p


log
(
 + x

)
– log

[
x

sinh–(x)

]
:=Dp(x). (.)

Equation (.) leads to

Dp
(
+

)
= , Dp

(
–

)
= log

[√
 log( +

√
)

]
– p log

(
π√


)
, Dλ

(
–

)
= , (.)

D′
p(x) = –

p√
 – x arcsin(x)

–
( – p)
x( + x)

+
√

 + x sinh–(x)
=�(x) + pϒ(x), (.)

where �(x) and ϒ(x) are defined as in Lemmas . and ., respectively.
From Lemmas . and ., we clearly see that

D′
/(x) =�(x) +



ϒ(x)

<
x


–
x


+
x


–



(
x


–
x


+
x



)

= –
x



(



– x
)
<  (.)

for x ∈ (, ), and

D′
λ (x) =�(x) + λϒ(x)

>
x


–
x


+
x


– x – λ

(
x


–
x


+
x



)
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= x
[
( – λ)


–
( – λ)


x +

(



–
λ



)
x – x

]

:= xFλ (x) >  (.)

for x ∈ (, .).
Note that

Fλ () = ( – λ)/ > , Fλ (.) = . . . . >  (.)

and

F ′′
λ (x) = –

[(
x –

, – ,λ

,

)

+
,, + ,,λ – ,,λ


,,

]

<  (.)

for x ∈ (, .).
Inequalities (.)-(.) lead to the conclusion that

D′
λ (x) >  (.)

for x ∈ (, .).
It follows from Lemma . and (.) that D′

λ
(x) is strictly decreasing in [., ). Then

from (.) and D′
λ
(.) = . . . . together with D′

λ
(–) = –∞, we know that there

exists x∗ ∈ (., ) such that Dλ (x) is strictly increasing on (,x∗] and strictly decreasing
on [x∗, ). This in conjunction with (.) implies that

Dλ (x) >  (.)

for x ∈ (, ).
Equations (.), (.), (.) and (.) lead to the conclusion that

M(a,b) < Pλ (a,b)Q–λ(a,b) (.)

and

M(a,b) > P/(a,b)Q/(a,b). (.)

Therefore, Theorem . follows from (.) and (.) together with the following state-
ments:
• If α < /, then (.) and (.) imply that there exists δ ∈ (, ) such that
M(a,b) < Pα(a,b)Q–α(a,b) for all a,b >  with (a – b)/(a + b) ∈ (, δ).

• If β > λ, then (.) and (.) imply that there exists δ ∈ (, ) such that
M(a,b) > Pβ (a,b)Q–β(a,b) for all a,b >  with (a – b)/(a + b) ∈ ( – δ, ). �

Competing interests
The authors declare that they have no competing interests.

http://www.journalofinequalitiesandapplications.com/content/2013/1/552


Gong et al. Journal of Inequalities and Applications 2013, 2013:552 Page 13 of 13
http://www.journalofinequalitiesandapplications.com/content/2013/1/552

Authors’ contributions
W-MG provided the main idea and carried out the proof of Theorem 3.1. X-HS carried out the proof of Lemmas 2.1-2.5.
Y-MC carried out the proof of Lemmas 2.6-2.8. All authors read and approved the final manuscript.

Author details
1School of Mathematics and Computation Science, Hunan City University, Yiyang, 413000, China. 2College of Nursing,
Huzhou Teachers College, Huzhou, 313000, China.

Acknowledgements
This research was supported by the Natural Science Foundation of China under Grants 11071069 and 11171307, and the
Natural Science Foundation of Zhejiang Province under Grants LY13H070004 and LY13A010004.

Received: 12 July 2013 Accepted: 18 October 2013 Published: 22 Nov 2013

References
1. Seiffert, H-J: Problem 887. Nieuw Arch. Wiskd. 11(2), 176 (1993)
2. Neuman, E, Sándor, J: On the Schwab-Borchardt mean. Math. Pannon. 14(2), 253-266 (2003)
3. Chu, Y-M, Hou, S-W, Shen, Z-H: Sharp bounds for Seiffert mean in terms of root mean square. J. Inequal. Appl. 2012,

11 (2012)
4. Chu, Y-M, Wang, M-K: Refinements of the inequalities between Neuman-Sándor, arithmetic, contra-harmonic and

quadratic means. arXiv:1209.2920v1 [math.CA]
5. Chu, Y-M, Wang, M-K, Qiu, S-L: Optimal combinations bounds of root-square and arithmetic means for Toader mean.

Proc. Indian Acad. Sci. Math. Sci. 122(1), 41-51 (2012)
6. Chu, Y-M, Wang, M-K, Wang, Z-K: Best possible inequalities among harmonic, geometric, logarithmic and Seiffert

means. Math. Inequal. Appl. 15(2), 415-422 (2012)
7. Hästö, PA: A monotonicity property of ratios of symmetric homogeneous means. JIPAM. J. Inequal. Pure Appl. Math.

3(5), Article ID 71 (2002)
8. Hästö, PA: Optimal inequalities between Seiffert’s mean and power mean. Math. Inequal. Appl. 7(1), 47-53 (2004)
9. Gao, S-Q: Inequalities for the Seiffert’s means in terms of the identric mean. J. Math. Sci. Adv. Appl. 10(1-2), 23-31

(2011)
10. Gong, W-M, Song, Y-Q, Wang, M-K, Chu, Y-M: A sharp double inequality between Seiffert, arithmetic, and geometric

means. Abstr. Appl. Anal. 2012, Article ID 684834 (2012)
11. Jiang, W-D: Some sharp inequalities involving reciprocals of the Seiffert and other means. J. Math. Inequal. 6(4),

593-599 (2012)
12. Liu, H, Meng, J-X: The optimal convex combination bounds for Seiffert’s mean. J. Inequal. Appl. 2011, Article ID

686834 (2011)
13. Neuman, E: A note on a certain bivariate mean. J. Math. Inequal. 6(4), 637-643 (2012)
14. Neuman, E, Sándor, J: On certain means of two arguments and their extension. Int. J. Math. Math. Sci. 16, 981-993

(2003)
15. Neuman, E, Sándor, J: On the Schwab-Borchardt mean II. Math. Pannon. 17(1), 49-59 (2006)
16. Li, Y-M, Long, B-Y, Chu, Y-M: Sharp bounds for the Neuman-Sándor mean in terms of generalized logarithmic mean.

J. Math. Inequal. 6(4), 567-577 (2012)
17. Jiang, W-D, Qi, F: Sharp bounds for Neuman-Sándor mean in terms of the root-mean-square. arXiv:1301.3267v1

[math.CA]
18. Jiang, W-D, Qi, F: Sharp bounds in terms of a two-parameter family of means for Neuman-Sándor mean. Preprint

10.1186/1029-242X-2013-552
Cite this article as: Gong et al.: Optimal bounds for the Neuman-Sándor mean in terms of the first Seiffert and
quadratic means. Journal of Inequalities and Applications 2013, 2013:552

http://www.journalofinequalitiesandapplications.com/content/2013/1/552
http://arxiv.org/abs/arXiv:1209.2920v1
http://arxiv.org/abs/arXiv:1301.3267v1

	Optimal bounds for the Neuman-Sándor mean in terms of the ﬁrst Seiffert and quadratic means
	Abstract
	MSC
	Keywords

	Introduction
	Lemmas
	Main result
	Competing interests
	Authors' contributions
	Author details
	Acknowledgements
	References


