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Abstract In this paper, a new weighted identity involving harmonically sym-
metric functions and differentiable functions is established. By using the no-
tion of harmonic symmetricity, harmonic convexity and some auxiliary results,
some new Fejér type integral inequalities are presented. Applications to special
means of positive real numbers are given as well.
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1. Introduction

Let R be the set of real numbers and I C R be an interval. A function f: I CR — R
is said to be convex in the classical sense if it satisfies the following inequality

fle+ (1 =0)t) <tf(z) + (1 —1) f(y)

for all z, y € I and t € [0, 1].
Let f: T CR — R and a,b € I with a < b. Then the inequality

f<a+b>< 1 /abf(x)dx<f(“)+f(b) (1.1)

2 b—a 2

holds if and only if f is convex, and is known in the literature as Hermite-Hadamard
inequality, after the name of C. Hermite and J. Hadamard (see [23]). The inequal-
ities in (1.1) hold in reversed direction if f is a concave function.

A vast literature related to (1.1) have been produced by a large number of
mathematicians [9] since it is considered to be one of the most famous inequality for
convex functions due to its usefulness and many applications in various branches
of Pure and Applied Mathematics, such as Numerical Analysis [4], Information
Theory [2], Operator Theory [7] and others.
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The definition of usual convex functions has been generalized in a variety of
ways and as a consequence many researchers have established a number of Hermite-
Hadamard type inequalities, see for instance [5-28] and the references mentioned
in these papers. These results have also many applications of interest for special
means such as p-logarithmic and identric means that are of use in some problems
in Chemistry or Electrical Engineering [9].

One of the generalizations of classical convexity is the harmonic convexity stated
in the definition below.

Definition 1.1 ( [15]). Let I C R\ {0} be a real interval. A function f: I — R is
said to be harmonically convex, if

zy
Mol ) suw+a-0sw) (12

for all z, y € I and t € [0,1]. If the inequality in (1.2) is reversed, then f is said to
be harmonically concave.

The following result explains how the usual convexity and the harmonic convex-
ity are connected.

Proposition 1.1 ( [15]). Let I C R\ {0} be a real interval and f : I — R is
function, then:

e if I C (0,00) and f is convex and nondecreasing function then f is harmoni-
cally convew.

e if I C (0,00) and f is harmonically convex and nonincreasing function then
f is convex.

e if I C (—00,0) and f is harmonically convex and nondecreasing function then
f is convex.

e if I C (—00,0) and f is convex and nonincreasing function then f is harmon-
ically convex.

Most recently, i§can [15], has proved the following results for harmonically con-
vex functions.

Theorem 1.1 ( [15]). Let I C R\ {0} be a harmonically convex function and a,
bel witha<b. If f € L([a,b]) then the following inequalities hold

f(ff_bb)—b_a/ 1), SO H10)

The above inequalities are sharp.

Theorem 1.2 ( [15] ). Let f : (0,00) — R be a differentiable function on I°, a
’ ’ q
beI° witha <b, and f € L([a,b]). If ‘f ‘ is harmonically convez [a,b] for g > 1,

then
fla)+f f(z
2 b—a/

<O Dalr @] x| 0]
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where

1 2 (a+b)?
- 1
M ab (b—a)2 n( 4ab )’

B 1 3a+b (a+0)°
ST (b—a)’ 1“( dab )’
1 3b+a (a +b)?
>\ — —_ ,1 :)\ _)\.
" a(b—a) (b—a)’ n( 4ab teoe

Theorem 1.3 ( [15]). Let f : (0,00) — R be a differentiable function on I°, a
’ ;19

beI®° witha <b, and f € L([a,b]). If ‘f ‘ is harmonically convez [a,b] for

g>1, %—i—%:l, then

|f(a); b_a/ f

<O (L Ll @ <]y 0]

where
[y = a?729 4 pl- 2q[(b a) (1 —2q) —d]
' 2b—a)’(l—q) (1-2¢)
_ b224 — g1 =29 [(b— a) (1 — 2q) + b]
e 20— a7 (1—q)(1-29)

Some applications of the above results can also be found in [15].
In 1906, Fejér [10] while studying trigonometric polynomials, obtained inequal-
ities which generalize that of Hermite & Hadamard:

Theorem 1.4. Consider the integral f; h(x) w (x) dz, where h is a convez function

in the interval (a,b) and w is a positive function in the same interval such that

wla+t)=wb—-t), 0<t<-(a+1D),

DN | =

e,y =w (x) is a symmetric curve with respect to the straight line which contains
the point ( (a+b), ) and is normal to the x—axis. Under those conditions the
following inequalities are valid:

h<“+b>/ dx</ h(x dm<h(“)‘;”(b)/:w(x)dx. (1.3)

If h is concave on (a,b), then the inequalities reverse in (1.3).

Chen and Wu [6] established the following Fejér type inequality for harmonically
convex functions which provides a weighted generalization of the result given in
Theorem 1.1.
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Theorem 1.5 ( [6]). Let f : I C R\ {0} — R be a harmonically convezx function
and a, b € I with a <b. If f € L([a,b]), them one has be continuous

f(fﬂ) Lb@dzglbf<x;§(x)dx§f(@;f(b) /abgg)dm’ (1.4)

g : [a,b] — R is nonnegative, integrable and satisfies

ab\ ab
()=o)

Motivated by the above results, the main purpose of the present paper is to
introduce a new notion of harmonically symmetric functions and to establish a
useful identity involving a harmonically symmetric function and a differentiable
function. This identity will then be used as a main tool to prove some Fejér type

inequalities related to the first part of the inequality (1.4). Some applications to
special means of positive real numbers will also be provided in Section 3.

2. Main Results

Throughout this section we take L (t) = % and U (t) for

_ 2ab
T = TF0ara=ns
all t € [0,1]. The Beta function, the Gamma function and the integral from of the
hypergeometric function are defined as follows to be used in the sequel of the paper

1
B(a,ﬂ):/ t* 11 —t)3—1dt, a >0, >0,
0
F(a):/ t*le7tdt, a >0
0

and

1
oI (v, B3 2) = B ! /0 (1= 1) (1 = at) "

ﬁv Y= ﬂ)
for |z2| <1,y > 5 > 0.
The notion of harmonically symmetric functions is given in following definition.

Definition 2.1. A function g : [a,b] C R\ {0} — R is said to be harmonically

symmetric with respect to % if

holds for all z € [a, b].

Now we prove a weighted integral identity which will help us to prove our main
results.

Lemma 2.1. Let f : I C R\ {0} — R be a differentiable function on I° and a,
b e I° with a < b and let g : [a,b] — [0,00) be continuous positive mapping and
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harmonically symmetric to 3%7_%. Iff el ([a,b]), then the following equality holds

() [ [ 1000,
- <b2;ba> /01 ( /am) g(l”)dx> [(L ) f (L) — U@ f (U(t))] dt. (2.1)

Proof. Let

and

B 1 L(t)g((I}) o
n- [ ( [ dx> (L) f (L ()t

Since g : [a, b] — [0, 00) is harmonically symmetric to 3%_%, then g (U (t)) = g (L (1))
for all ¢t € [0,1] and

L(t) b
/ g(;v)dx:/ g(f)dx.
a T Uiy ¥
Hence, we have

@ :
=/ ( - da:) U0 F W (1)) d

a+b) J,
2ab 2ab b g (x) 2ab  [* g(x) f(x)
=— . 2.2
b—af(a—f—b)/a x? dx—i_b—a/faz; x? de (22)

Analogously, we have

_ 2ab 2ab b g(x) 2ab  [e+b g(z) f (x)
Iz_b—af<a+b>/a x2 dx_b—a/a de' (2:3)

Adding (2.2) and (2.3) and multiplying the result by bQ_Tg, we get the required
identity. This completes the proof of the Lemma. O

Lemma 2.2. For v > u > 0, we have

/o1 1=9 [(1 +1) uziv(l ) vrdt = <U2ﬁvu>2 At (u,v),

/01 (1 -2y [(1 1) u2iv(1 - t)urdt = (fﬁvu)z A2 (u, ),
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/01 (1= [(1 1) qu—v(l - t)vrdt = (1,23””)2 As (u,0),

where
- 2
M) £ 820 (2,
u—+v u-+v
A 2 — (u+v)° du 2u
A - 1
2 (4, v) u2 — 2 w—v u+v
and

4% — 2 9 2
Ag(u,v)é Y 2(u—|;11) + (u+v)ln( Y )
U —v uU—v U+

Proof. The proof follows from a straightforward computation.

Lemma 2.3. Forv>u >0 and p > 1, we have

/01 e {(1 ) u2iv(1 _mrp "= <v2f}u>2p G (u,v5p)
1 2p 2p
/o 4= [(Ht) uziv(l —t)v} = (fﬁ) G2 (u,vip),

/01 {(1+t)u21b(1 t)vrpdt: (vzivu>2pg<u’wp)

where
| é21—21716 (riv)_zp [(1—2p)(u—v)—1]
) = T 1)
~ (utv) [ =2p)(u—v) — 20]
2w—u)(p-1)2p—-1) ’
G (wvip) A A1-Dy,2 (ﬁ)ﬁp +(u+v)[(2p—1)(u—v)— 2u]
PR 20— ) (p—1) (2p— 1)
and

A (utb) 2T (20) 7P

) Do) ko)

Proof. The proof follows from a straightforward computation.

O

Now we give some new Fejér type inequalities for harmonically-convex functions,
which provide weighted generalization of some of the results established in recent

literature.

Theorem 2.1. Let f : I C (0,00) — R be a differentiable function on I° and a,
b e I° with a < b and let g : [a,b] — [0,00) be continuous positive mapping and

2ab
a-+b

harmonically symmetric to 2% such that f € L([a,b]). If ’f/’q is harmonically-
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convex on |a,b] for ¢ > 1, then the following inequality holds
2ab / f(x
a+b 9:2
1\ _ q ;a1 /e
< (2) ol {[Al (@ 5] P @) | @ + 2 @) |1 @] Y

o /}

where ||gll., = SUPLefa,p 9 () < 00 and A (++), A2 (), Az (+,-) are defined in
Lemma 2.2.

D @0 7 s .0) |5 @) 0 .0 |1 ¢

Proof. From Lemma 2.1, we get

F(2) [ 2 [ T2
S (2;;) o { (/01 Y (U(t>)2dt>l : </o1 (1—1) (U (1) ‘f/ (U(t))\th>l/q
’ </°1 e (t))th>l_l/q (/01 (1= @m?|f @ (t)>\th)l/q }

(2.5)
/14
By the harmonic-convexity of ’ f ’ on [a,b] for ¢ > 1 and by using Lemma 2.2, we

have

/O1 (1—1) (U (1) ’f’ (U(t))‘th
:/1(1 t)[(1+t)a2ib(l t)brx f/((1+t)a2j-b(1_t)b>
Sl [ o[t .

q/o (1-#) {(1+t)a23—b(1—t)brdt

q

dt

and

[ a-nwor]s wol
:/1(1 s t)aQibuH)brxfl((l—t)azibamb)
_2’f ’/ (1- tQ[ 2ab +t)b} dt

ol [fa-n [1 e

q
dt
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1 [ 2ab \* : ,
=5 (%) Pealf @[ +u.a)r o'} 2.7
Moreover,
! 2 o ! 2ab 2
/O (1= 1) (U #) dt—/o (1—t)[(1+t)a+(1_t)b] dt v
[ 2ab 2 A\ b .
— (b — a) 1 (CL, )
and ) ) )
2 5 B 2ab
/0 (I —=1t)(L(t)) dtf/0 (1 t){(l—t)a+(1+t)b] dt 29
2ab \* '
:(bfa) )\1(1)70,).
A combination of (2.5), (2.6), (2.7), (2.8) and (2.9) gives the required result. This
completes the proof of the theorem. O

Corollary 2.1. Suppose the assumptions of Theorem 2.1 are satisfied. If ¢ = 1,
then the following inequality holds

1(25) o [ 1

< (3) Wl {De @) 4 20 G| @)+ Dalad) + 22 0.0 |1 )]}

(2.10)

where ||g]l o, = SUP,cpap 9 (¥) <00 and A2 (+,+), A3 (+,-) are defined in Lemma 2.2.

Corollary 2.2. If g(z) = ;%% for all x € [a,b] in Theorem 2.1, then

~ b—a
() -5 [
()7 (G2 < @ Py |7 @ <@l

2 b—a
£ o) ”q} ,
(2.11)

where ||gll., = SUPLefa,p 9 (x) < 00 and A1 (+), A2(+0), Az (:,-) are defined in
Lemma 2.2.

q} 1/q

+ [ (b a)] [)\3 (b, a) ] f (a)’q + o (b,a)

Corollary 2.3. If g =1 in Corollary 2.2, then the following inequality holds

() -5 [ e
< @) <b‘iba> x { e (@.0) + 2 0,0)] |1 @) + Ds (@,0) + 22 0 )| )]}
(2.12)

where A2 (+,+), A3 (+,-) are defined in Lemma 2.2.
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Theorem 2.2. Let f : I C (0,00) — R be a differentiable function on I° and a,
b e I° with a < b and let g : [a,b] — [0,00) be continuous positive mapping and

harmonically symmetric to % such that € L([a,b]). If ‘f/)q is harmonically-

convex on [a,b] for ¢ > 1, then the following inequality holds
2ab b b
A PRy TP
a+b) ), a? a x?

b—a\2 /1\"* q—1 1-1/q
<t (352) (3)  (£=%)
+a q (2.13)

{[e@nalr @ +a@nals o "
T,
Proof. From Lemma 2.1 and Hilder's inequaliy, we have
o (2) [ [ 18
(%) ot ([0 t)q/‘Q‘”)l_l/q L[ wen
([ eom)e (t))]q>1/q }

+[abaa|f @] +Gbaa|f ©)

where (1 (+,++) and (3 (-, +;-) are defined in Lemma 2.35.

(2.14)
Since ’ f ‘q is harmonically-convex on [a, b], we obtain
1 q
| wers we
! 2ab 2, 2ab 4
:/0 [(1+t)a+(1—t)b] / <(1+t)a+(1—t)b> dt (215)

! (“)‘q/ol (1—1) [(1+t) a2ib(1 —t)brth

q 1 a 2
+%‘f (b)’ /o (1+1) [(1+t)a2+b(1t)b] "

/ LwP s @)
/01 [(1 —t) a2—(|l—b(1 +t) b} "’ f, <(1 — ) a2—(|1—b(1 +t) b)
2ab

q ! ;
%‘f (a)’ /0 (1+t)|:(1_t)a+(1+t)b] “

1
<
—2

and

q

q
dt

IA
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L1
2

q 1 a 2q
f’(b)\ /O (1t)[(1—t)a2—|—b(l+t)b dt. (2.16)

By applying Lemma 2.3 in inequalities (2.15) and (2.16) and then using the resulting
inequalities in (2.14), we get the required inequality. O

Corollary 2.4. If the assumptions of Theorem 2.2 are satisfied and if g (x) = b“fb

for all x € [a,b], then the following inequality holds ‘
2ab ab  [* f(x)
‘f<a+b>_b—a/a x? de

() GG -

X {{Cg (a,b;q) ’f/ (a)’q+§“1 (a,b;q) T/q

’

f ()

ot | @ +evanlr o]},

where ¢1 (+,++) and (3 (-, +;-) are defined in Lemma 2.5.

Theorem 2.3. Let f : I C (0,00) — R be a differentiable function on I° and a,
b e I° with a < b and let g : [a,b] — [0,00) be continuous positive mapping and

harmonically symmetric to % such that € L([a,b]). If ’f/)q is harmonically-

convex on [a,b] for ¢ > 1, then the following inequality holds

(e 1

()T () e baalf @

q

/ qy1/aq
+a @b+ Gbanl|r o}
(2.18)
where (1 (+,+;+) and (a2 (-, ;) are defined in Lemma 2.5.

Proof. From Lemma 2.1 and Holder’s inequality, we have

(=) o
< (‘;;b“)g oo | 1 tq“q—”dt)l_l/q {(/ W o

([ o @ (t»\th)w }
(2.19)

By the power-mean inequality a” +b" < 217" (a +b)" for a > 0,b > 0 and r < 1,

4 1/q
dt)
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we have

(/01 [U (#))* ’f' (U (t))rq dt> . + (/01 L ()% ‘f’ (L (1))

<o ([ o

/14
Since ’ f ‘ is harmonically-convex on [a, b] for ¢ > 1, we obtain

2 1/q
dt)

L (220
F (L (t))‘q dt) .

Fwwlas [ o

0

1

/ woP s w | | zore]s @a| a

K2 / { —l—taib(l—t)brth

( 1—t)brth
)

1+
2q
@ / (14t K (2:21)

(1—t
0

INA
+ O |

= N~ N

)[(1+t)a21b(
[ 1—t aj—b(1+t
)[( Zab(

_|_

ol
F ol

+

2q
—fart 1+t)b} dt

2ab
b+a

161 (abi ) + G (b, a3)] | £

>2q {[Cz (a,b;q) + C1 (b, a;9)] ‘f' (a)|'

b)q}.

N |

Using (2.20) in (2.21), we get

(/01 U@\ f (U(t)>‘th>l/q+ (/01 (o

<2l=2/a (1)211)@)2 {[Cl (a,b;q) + G2 (b, a;9)] ‘f' (a)'q

4 1/4q
dt)

FL®)

(2.22)

, qy1/q
+[C2(a»b;Q)+C1(b7a;q)]‘f (b)‘ b

Applying (2.22) in (2.19), we obtain the required inequality (2.18). O

Corollary 2.5. If the assumptions of Theorem 2.3 are satisfied and if g (v) = %>
for all x € [a,b], then the following inequality holds

2ab f(x
‘f(aqu) bfa/ x2
() (=2) () ()
=\bh—a)\bra) 2 2 —1

/ q / ay1/q
< {lcz (@ bia) + 6 ) |f @] +1G(@big)+Gbaol|f )}
(2.23)

where ¢y (+,+;+) and (3 (+,+;-) are defined in Lemma 2.5.
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Theorem 2.4. Let f : I C (0,00) — R be a differentiable function on I° and a,
b e I° with a < b and let g : [a,b] — [0, oo) be continuous positive mapping and

harmonically symmetric to 2‘”’ such that f € L ([a,b]). If ’f'

is harmonically-

convex on [a,b], then the followmg inequality holds for ¢ > 1

f( 2abb) z) _/bf(m)g(af)dx
a+ o 22 a x?
<2 (554 b [[c (0,50 { ()"

+[ (b, a;q)]) 7/ {[w @' ]f (@] + <2q1+ 1>1/q

I @)+ @)

! <b>\H ,

(2.24)
where ¢ (-, +;-) is defined in Lemma 2.3 and
' (g+1
oy YAl+D)
2 (q + 5)

Proof. From Lemma 2.1 and by using the harmonic-convexity of ‘ f " on [a,b], we
have

e[

( >2|9 / [(1=t)( )2‘f’ (U(t))‘+(1,t)(L(t))2
( Ju{fe ol (5) o]«
[( ‘+(1—2t)2 ’f/ (b)” dt},

(1—1t)°
2

)

(2.25)
Since
My [T ot i~ YA+ D)
w(q)—/o (1-1t%) dt—/o tt)dt = o (g4 3) (2.26)
and
Yoo p— 2.27
| a-vra= (227)

Now by using Holder integral inequality, (2.26), (2.27) and Lemma 2.3, we have

/01 {(1“)@2?(1 t)br [(1 _2t)2 £ @]+ (1 _tQ) taC ”

- /1{ 2ab rq/(q—l)dt 1-1/a
“\Jo [A+t)a+(1-1)b
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. { [ / a-n” dt] " f @+ aey ;f)thl " 7 (b)I}
:% <a2—c|l—bb>2 [s (e, q)]k% {(2q1—i- 1)(12

Similarly, one has

[ ool (550

1 2ab 2q/(q—1) 1-1/q
< dt
- /0 [(l—t)a—k(l—i-t)b}

| (b)‘} . (228)

(1t
2

/(@) + V%w”ﬁ

Ly 1V X N (2.29)
X { /0 %dt | (@) + /O u;f)dt] i (b)‘}
:% (an-bb>2 < (b,a;q)]" 7 {[w @] |f (a)’ n <2q1+ 1)3 / (b)’}'
Using (2.28) and (2.29) in (2.25), we obtain the required result (2.24). ]

Corollary 2.6. Under the assumptions of Theorem 2.4, if g(x) = % for all
x € [a, b, then the following inequality holds

() - [
(62 (550) [swror o (1)

, 1 1/‘1
d (a)‘ * (2q+1>

where s (-, ;) and w (+) are defined in Theorem 2.4.

+k@ﬂmw1”{wmwm

(2.30)

Theorem 2.5. Let f : I C (0,00) — R be a differentiable function on I° and
a, b € I° with 0 < a <b<1andletg: [ab — [0,00) be continuous positive

mapping and harmonically symmetric to % such that f/ € L([a,b]). If ‘f/’ 1s

harmonically-convex on [a,b], then the following inequality holds for ¢ > 1
2ab b g (x) b f(z)g(x) 1/b—a\®
D e — | D g < =

‘f(wb)/a 2 / e =2 \ars) 1l
1/q +1 1/q

1 / 207 — 1

b: )t/ ‘
X{Wm7ﬂﬂ —i) e+ (55

+wwmmPWQK%H‘1yMfwwp(qu”q

’

f (b)” (2.31)

q+1
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azqullgFl 2q 72q—1;2q—1;a(b—a)
qg—1" q—1"q¢q—1" a+bd

2g—1 P 2q 2q—12q—1b(b—a)
g—1 q—1"q—1" a+b ’

T (-) is the Gamma function and oFy (-, +;+;-) is the hypergeometric function.

Proof. From Lemma 2.1 and by using the harmonic-convexity of ‘ f " on [a,b], we

; < 2abb) /b dGI /b [@9(@) g,
a+ o T a T
< (%) ol [ [0 -0@ o2 |f @ o]+ a-nwe?]f wol
r@l+ (50) |7 @] a

(%) 1 [ a-nwer| (5] ;
+/01 (1— ) (L (1)) [(1?) ’f’ (a)’ + <12t> ]f' (b)” dt}.

Application of Holder integral inequality yields

[ oo feretam] [(F)lr ol (5l o]«
2q/(q—1 1-1/q
S</()1(l_t)w(q_l){(1+t)a2—(&l—b(1—t)b} /" )dt> /
AUty el [ (5 o] ol

(2 e ()W ol (2 o]
(2.33)

have

(2.32)

Similarly, one has

/01 (1—t) {(Lt)fj_”@w)br Kl;t) | (@) + (12_t> i (b)” dt
- </01 oo {u Tz e b] o ‘“) N
AUy ol [ (5] o)
2

=5 (53) ot [(Qq;_ll)é £ @] +]7 o) (qil) |
(2.34)
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Using (2.33) and (2.34) in (2.32), we obtain the required inequality (2.31). O

Corollary 2.7. Suppose the assumptions of Theorem 2.4 are satisfied and if g (x) =
% for all x € [a,b], then the following inequality holds

2ab ab [ f(x) 1 ( ab b—a)’

P<a+b>_b—aL $2¢E§2(b_“><a+b)
-1/ 1\ g0+l _ 1\ /1

x {[u (a,b;q)] ! (q—i—l) f (a)‘ + ()

qg+1
29+l _ 1 %
qg+1

v (bas )

7 (@] + (q41—1>

where v (-, ;) is defined in Theorem 2.5.

Remark 2.1. Some further results can be obtained from (2.25) but we omit the
details for the interested readers.

3. Applications to Special Means

In this section we apply some of the above established inequalities of Hermite-
Hadamard type involving the product of a harmonically convex function and a
harmonically symmetric function to construct inequalities for special means.

For positive numbers a > 0 and b > 0 with a # b

a+b b—a 2ab
Afa,b) = ——, L(a,b) = {———, G (a,) = Vab, H (a,) = o
and )
pptl_gp+1 ] P
[(p4+1)(b—a)} ,p# 1,0,
LP (CL,b) = L(G/,b)7 p= _11

1
1 bb b—a _
e ([Ta) , p=0,
are the arithmetic mean, the logarithmic mean, geometric mean, harmonic mean

and the generalized logarithmic mean of order p € R, respectively.
For further information on means, we refer the readers to [3] and the references

therein.
Let g : [a,b] — Rg be defined as

g(x) = (‘;be i)Q,xe la, 8]

It is obvious that

1
g <111) =g(z)
ATy T
for all @ € [a,b]. Hence g(z) = (42 — %)2, x € [a,b] is harmonically symmetric
with respect to x = %.

Now applications of our results are given in the following theorems to come.
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Theorem 3.1. Let 0 < a < b. Then the following inequality holds
‘AQ (a,b) — G*(a,b)  A?(a,b) + G?(a,b) n 2A (a,b) '

342 (a,b) a G2 (a,b) L (a,b) -
a a Ala, aln (v ) +bln (a,b) ’
Sz)m(A(a b)) ﬂl ( (b b)>+ s bﬁ(a,b) 2 )

Proof. Applying Corollary 2.1 to the functions

f(z) = 2% forz >0

s = (G - 1)2,95 & [0,

xT

and

we get the desired result. O

Theorem 3.2. Let0 <a <bandr € (=1,00)\ {0}. Then the following inequality

holds
|}IT+2 (a7 b) - G2 (U,, b) L: (CL, b)|

<oon () (25) (s ) Gm) o
(5 ) ()}

Proof. The assertion follows from the inequality proved in Corollary 2.3 for f(x)
22 2 >0,r € (—1,00)\ {0}.

Theorem 3.3. Let0<a<bandqg>1. Then

o

|H? (a,b) — G* (a,b)|

N\NYI 7 ab b—a\? qg—1 1=1/q
<) (%)) ()
y {([QabQ‘l((l—Qq) (a—b) —b) H2 (a,b) — (1 — 2¢) (a — b) —2b)A(a,b)] .
(b—a)*(q—1)(2¢— 1)
| [2er=(a0) + (20— 1) (- ) 20 Aa b)] bq> Ve
(b—a)®(g—1)(2¢—1)
. ( 2a%7b (1 — 2q) (b — a) — a) H~29 (a,b) — (1 — 2q) (b — a) —2a)A(a,b)] .
(b—a)*(g—1)(2¢— 1)

; lQaQ%ZH 2 (a,b) + (20— 1) (b—a) ~ 2b) A(a, b)] > l/q}

(b—a)"(g—1)(2¢ - 1)

Proof. Applying Corollary 2.4 to the function
f(z) = 2? for > 0,

we get the desired result. O
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Theorem 3.4. Let0<a<bandqg>1. Then

A (a,0) = G*(a,b)  A?(a,b) + G (a,b) | 2A(a,b) ‘

342 (a,b) G? (a,b) L (a,b)
o\ 2 1/g—2 NIV g\ 2
() ) G ()
(a?b® + a?ib ((2¢ — 1) (a — b) — a)) H 2% (a,b) . (3-4)
{ (0~ 07— 1 a1 ]

(@a—b)2(g—1)(2q - 1) '

Proof. Applying Theorem 2.3 to the functions

f(x) =2 forz >0

and ,
a+b 1
g(.’IJ)— ( 2ab _I‘> ) .’I,‘E[(l,b],
we get the desired result. O
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