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1. INTRODUCTION

The Simpson inequality states that ifζ : [η1, η2] → R is a four times continuously
differentiable mapping on(η1, η2) and

∥∥ζ(4)
∥∥
∞ = sup

y∈(η1,η2)

∣∣ζ(4) (y)
∣∣ < ∞, then

∣∣∣∣
∫ η2

η1

ζ (θ) dθ − η2 − η1

3

[
ζ (η1) + ζ (η2)

2
+ 2ζ

(
η1 + η2

2

)]∣∣∣∣

≤ 1
2880

∥∥∥ζ(4)
∥∥∥
∞
· (η2 − η1)

4
. (1. 1)

There is a substantial literature on the generalizations of Simpson’s inequality, Simp-
son type integral inequalities and Hermite-Hadamard type integral inequalities by using a
variety of convexity conditions, see for example [1]-[46] and the references cited therein.

Recall that a functionζ : I ⊂ R→ R is called convex function if the inequality

ζ (yδ + (1− y) σ) ≤ yζ (δ) + (1− y) ζ (σ)

holds for allδ, σ ∈ I andy ∈ [0, 1].
One of the generalizations of the convex functions, known as the GA-convex functions,

is stated as follows:
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Let ζ : I ⊂ (0,∞) → R. If the inequality

ζ
(
δyσ1−y

) ≤ yζ (δ) + (1− y) ζ (σ)

holds for allδ, σ ∈ I andI ∈ [0, 1], then is said to be GA-convex onI.

Example 1.1. Consider the functionζ : (0,∞) → R defined asζ (x) = ln x, then this
function is GA-convex function on(0,∞). Letδ, σ ∈ (0,∞) andy ∈ [0, 1], then

ζ
(
δyσ1−y

)
= ln

(
δyσ1−y

) ≤ y ln δ + (1− y) ln σ

≤ yζ (δ) + (1− y) ζ (σ) .

Thus the functionζ (x) = ln x is GA-convex function on(0,∞).

The aim of this paper is to present some new weighted Simpson type integral inequalities
for the class of GA-convex functions.

2. WEIGHTED SIMPSON’ S TYPE INEQUALITIES FORGA-CONVEX FUNCTIONS

In order to prove the results for this paper, we need the following lemma.

Lemma 2.1. Let ζ : I ⊆ (0,∞) → R be a differentiable mapping onI◦, whereη1,
η2 ∈ I◦ with η1 < η2 and letφ : [η1, η2] → [0,∞) be a continuous positive mapping and
geometrically symmetric with respect to

√
η1η2. If ζ

′
, φ ∈ L1 [η1, η2], then

1
8 (ln η2 − ln η1)

[ζ (η1) + 6ζ (
√

η1η2) + ζ (η2)]

η2∫

η1

φ (z)
z

dz

− 1
ln η2 − ln η1

η2∫

η1

φ (z) ζ (z)
z

dz =
ln η2 − ln η1

4

×




1∫

0

p1 (y) λ1 (y) ζ
′
(λ1 (y)) dy −

1∫

0

p2 (y)λ2 (y) ζ
′
(λ2 (y)) dy



 , (2. 2)

where

p1 (y) =
3
4

1∫

0

φ (λ1 (s)) ds−
y∫

0

φ (λ1 (s)) ds

and

p2 (y) =
3
4

1∫

0

φ (λ2 (s)) ds−
y∫

0

φ (λ2 (s)) ds.
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Proof. By integration by parts, we have

I1 =

1∫

0

p1 (y) λ1 (y) ζ
′
(λ1 (y)) dy

= − 2
ln η2 − ln η1

1∫

0


3

4

1∫

0

φ (λ1 (s)) ds−
y∫

0

φ (λ1 (s)) ds


 d [ζ (λ1 (y))]

= − 2
ln η2 − ln η1


3

4

1∫

0

φ (λ1 (s)) ds−
y∫

0

φ (λ1 (s)) ds


 ζ (λ1 (y))

∣∣∣∣∣∣

1

0

− 2
ln η2 − ln η1

1∫

0

φ (λ1 (y)) ζ (λ1 (y)) dy =
2

ln η2 − ln η1


ζ (η1)

4

1∫

0

φ (λ1 (y)) dy




+
2

ln η2 − ln η1


3ζ

(√
η1η2

)

4

1∫

0

φ (λ1 (y)) dy




− 2
ln η2 − ln η1

1∫

0

φ (λ1 (y)) ζ (λ1 (y)) dy.

By making the substitutionz = λ1 (y), we get

I1 =
1

(ln η2 − ln η1)
2 [ζ (η1) + 3ζ (

√
η1η2)]

√
η1η2∫

η1

φ (z)
z

dz

− 4
(ln η2 − ln η1)

2

√
η1η2∫

η1

φ (z) ζ (z)
z

dz.

Similarly, we can have

I2 =

1∫

0

p2 (y)λ2 (y) ζ
′
(λ2 (y)) dy

= − 1
(ln η2 − ln η1)

2 [3ζ (
√

η1η2) + ζ (η2)]

η2∫

√
η1η2

φ (z)
z

dz

+
4

(ln η2 − ln η1)
2

η2∫

√
η1η2

φ (z) ζ (z)
z

dz.
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Sinceφ(z) is geometrically symmetric with respect to
√

η1η2, we have
√

η1η2∫

η1

φ (z)
z

dz =

η2∫

√
η1η2

φ (z)
z

dz =
1
2

η2∫

η1

φ (z)
z

dz.

Thus, we have

ln η2 − ln η1

4
(I1 − I2)

=
1

8 (ln η2 − ln η1)
[ζ (η1) + 6ζ (

√
η1η2) + ζ (η2)]

η2∫

η1

φ (z)
z

dz

− 1
ln η2 − ln η1

η2∫

η1

φ (z) ζ (z)
z

dz.

¤

Remark 2.2. Throughout this manuscript we will use the following notation for the sake
of convenience

Ψ (η1, η2; ζ, φ) =
1

8 (ln η2 − ln η1)
[ζ (η1) + 6ζ (

√
η1η2) + ζ (η2)]

η2∫

η1

φ (z)
z

dz

− 1
ln η2 − ln η1

η2∫

η1

φ (z) ζ (z)
z

dz

Corollary 2.3. Under the assumptions of Lemma 2.1, the following inequality holds

Ψ(η1, η2; ζ, φ) ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×




1∫

0

(
3
4
− y

)
λ1 (y) ζ

′
(λ1 (y)) dy −

1∫

0

(
3
4
− y

)
λ2 (y) ζ

′
(λ2 (y)) dy



 , (2. 3)

where‖φ‖[η1,η2],∞ = sup
y∈[η1,η2]

|φ (y)|.

Proof. Proof follows from the fact that

‖φ‖[η1,
√

η1η2],∞ ≤ ‖φ‖[η1,η2],∞

and

‖φ‖[√η1η2,η2],∞ ≤ ‖φ‖[η1,η2],∞ .

¤
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Theorem 2.4. Let ζ : I ⊆ (0,∞) → R be a differentiable mapping onI◦, whereη1,
η2 ∈ I◦ with η1 < η2 and letφ : [η1, η2] → [0,∞) be a continuous positive mapping

and geometrically symmetric with respect to
√

η1η2. If ζ
′
, φ ∈ L1 [η1, η2] and

∣∣∣ζ ′
∣∣∣
ϑ

is

GA-convex on[η1, η2] for ϑ ≥ 1, then

|Ψ (η1, η2; ζ, φ)| ≤
η2 (ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

(
5
16

)1− 1
ϑ

×





θ

(
8

(
1− 2θ3/4 + θ

)− (
1− 14θ3/4 + 9θ

)
ln θ + (2θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

+
θ
(
−8

(
1− 2θ3/4 + θ

)
+

(
θ + 2θ3/4 − 7

)
ln θ − 3 (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ




1
ϑ

+




(
−8

(
1− 2θ1/4 + θ

)− (
9− 14θ1/4 + θ

)
ln θ + (3θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

+

(
8

(
1− 2θ1/4 + θ

)
+

(
1 + 2θ1/4 − 7θ

)
ln θ + 3θ (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




1
ϑ





, (2. 4)

whereθ = (η1/η2)
ϑ/2.

Proof. From ( 2. 3 ) and using the power-mean inequality, we have

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×








1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λϑ
1 (y)

∣∣∣ζ ′ (λ1 (y))
∣∣∣
ϑ

dy




1
ϑ

+




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λϑ
2 (y)

∣∣∣ζ ′ (λ2 (y))
∣∣∣
ϑ

dy




1
ϑ





. (2. 5)
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By using the GA-convexity of
∣∣∣ζ ′

∣∣∣
ϑ

on [η1, η2] for ϑ ≥ 1, we get

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λϑ
1 (y)

∣∣∣ζ ′ (λ1 (y))
∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1 + y

2

)
λϑ

1 (y) dy +

1∫

3
4

(
y − 3

4

)(
1 + y

2

)
λϑ

1 (y) dy




+




3
4∫

0

(
3
4
− y

) (
1− y

2

)
λϑ

1 (y) dy +

1∫

3
4

(
y − 3

4

)(
1− y

2

)
λϑ

1 (y) dy




∣∣∣ζ ′ (η2)
∣∣∣
ϑ

=
ηϑ
2 θ

(
8

(
1− 2θ3/4 + θ

)
+

(−1 + 14θ3/4 − 9θ
)
ln θ + (−3 + 2θ) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

+
ηϑ
2 θ

(
−8

(
1− 2θ3/4 + θ

)
+

(−7 + 2θ3/4 + θ
)
ln θ − 3 (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

(2. 6)

and

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λϑ
2 (y)

∣∣∣ζ ′ (λ2 (y))
∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1− y

2

)
λϑ

2 (y) dy +

1∫

3
4

(
y − 3

4

)(
1− y

2

)
λϑ

2 (y) dy




+
∣∣∣ζ ′ (η2)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1 + y

2

)
λϑ

2 (y) dy +

1∫

3
4

(
y − 3

4

)(
1 + y

2

)
λϑ

2 (y) dy




=
ηϑ
2

(
−8

(
1− 2θ1/4 + θ

)− (
9− 14θ1/4 + θ

)
ln θ + (−2 + 3θ) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

+
ηϑ
2

(
8

(
1− 2θ1/4 + θ

)
+

(
1 + 2θ1/4 − 7θ

)
ln θ + 3θ (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

, (2. 7)

whereθ = (η1/η2)
ϑ/2.

Using ( 2. 6 ) and ( 2. 7 ) in ( 2. 5 ) we get ( 2. 4 ). ¤

Theorem 2.5. Let ζ : I ⊆ (0,∞) → R be a differentiable mapping onI◦, whereη1,
η2 ∈ I◦ with η1 < η2 and letφ : [η1, η2] → [0,∞) be a continuous positive mapping

and geometrically symmetric with respect to
√

η1η2. If ζ
′
, φ ∈ L1 [η1, η2] and

∣∣∣ζ ′
∣∣∣
ϑ

is
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GA-convex on[η1, η2] for ϑ > 1, then

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

[
L

(
η

ϑ
2(ϑ−1)
1 , η

ϑ
2(ϑ−1)
2

)]1− 1
ϑ

×
{

η
1
2
1

[(
2−2ϑ−5 × 3ϑ+1 (4ϑ + 11) + 2−2ϑ−5 (8ϑ + 15)

(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+
(

2−2ϑ−5 + 2−2ϑ−5 × 3ϑ+1 (4ϑ + 5)
(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η2)
∣∣∣
ϑ
] 1

ϑ

+ η
1
2
2

[(
2−2ϑ−5 + 2−2ϑ−5 × 3ϑ+1 (4ϑ + 5)

(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+
(

2−2ϑ−5 × 3ϑ+1 (4ϑ + 11) + 2−2ϑ−5 (8ϑ + 15)
(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η2)
∣∣∣
ϑ
] 1

ϑ

}
. (2. 8)

Proof. From ( 2. 3 ) and using the Ḧolder integral inequality, we have

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×








1∫

0

λ
ϑ

ϑ−1
1 (y) dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ ∣∣∣ζ ′ (λ1 (y))

∣∣∣
ϑ

dy




1
ϑ

+




1∫

0

λ
ϑ

ϑ−1
2 (y) dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ ∣∣∣ζ ′ (λ2 (y))

∣∣∣
ϑ

dy




1
ϑ





. (2. 9)

By using the GA-convexity of
∣∣∣ζ ′

∣∣∣
ϑ

on [η1, η2] for ϑ ≥ 1, we get

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ ∣∣∣ζ ′ (λ1 (y))

∣∣∣
ϑ

dy ≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)ϑ (
1 + y

2

)
dy

+

1∫

3
4

(
y − 3

4

)ϑ (
1 + y

2

)
dy


 +

∣∣∣ζ ′ (η2)
∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)ϑ (
1− y

2

)
dy

+

1∫

3
4

(
y − 3

4

)ϑ (
1− y

2

)
dy


 =

(
2−2ϑ−5 + 2−2ϑ−5 × 3ϑ+1 (4ϑ + 5)

(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η2)
∣∣∣
ϑ

+
(

2−2ϑ−5 × 3ϑ+1 (4ϑ + 11) + 2−2ϑ−5 (8ϑ + 15)
(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η1)
∣∣∣
ϑ

(2. 10)
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and

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ ∣∣∣ζ ′ (λ2 (y))

∣∣∣
ϑ

dy ≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)ϑ (
1− y

2

)
dy

+

1∫

3
4

(
y − 3

4

)ϑ (
1− y

2

)
dy


 +

∣∣∣ζ ′ (η2)
∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)ϑ (
1 + y

2

)
dy

+

1∫

3
4

(
y − 3

4

)ϑ (
1 + y

2

)
dy


 =

(
2−2ϑ−5 + 2−2ϑ−5 × 3ϑ+1 (4ϑ + 5)

(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+
(

2−2ϑ−5 × 3ϑ+1 (4ϑ + 11) + 2−2ϑ−5 (8ϑ + 15)
(ϑ + 1) (ϑ + 2)

) ∣∣∣ζ ′ (η2)
∣∣∣
ϑ

. (2. 11)

We also observe that
1∫

0

λ
ϑ

ϑ−1
1 (y) dy = η

ϑ
2(ϑ−1)
1 L

(
η

ϑ
2(ϑ−1)
1 , η

ϑ
2(ϑ−1)
2

)
(2. 12)

and
1∫

0

λ
ϑ

ϑ−1
2 (y) dy = η

ϑ
2(ϑ−1)
2 L

(
η

ϑ
2(ϑ−1)
1 , η

ϑ
2(ϑ−1)
2

)
. (2. 13)

Applying ( 2. 10 )-( 2. 13 ) in ( 2. 9 ), we get ( 2. 8 ). ¤

Theorem 2.6. Let ζ : I ⊆ (0,∞) → R be a differentiable mapping onI◦, whereη1,
η2 ∈ I◦ with η1 < η2 and letφ : [η1, η2] → [0,∞) be a continuous positive mapping

and geometrically symmetric with respect to
√

η1η2. If ζ
′
, φ ∈ L1 [η1, η2] and

∣∣∣ζ ′
∣∣∣
ϑ

is

GA-convex on[η1, η2] for ϑ > 1, then

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

(
ϑ− 1
2ϑ− 1

)1− 1
ϑ

×
[
4−

2ϑ−1
ϑ−1

(
3

2ϑ−1
ϑ−1 + 1

)]1− 1
ϑ



η

1
2
1





2η

ϑ
2
1 − η

ϑ
2
2 − L

(
η

ϑ
2
1 , η

ϑ
2
2

)

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+


L

(
η

ϑ
2
1 , η

ϑ
2
2

)
− η

ϑ
2
2

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η2)
∣∣∣
ϑ




1
ϑ

+ η
1
2
2





η

ϑ
2
2 − L

(
η

ϑ
2
1 , η

ϑ
2
2

)

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+


L

(
η

ϑ
2
1 , η

ϑ
2
2

)
+ η

ϑ
2
1 − 2η

ϑ
2
2

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η2)
∣∣∣
ϑ




1
ϑ





. (2. 14)
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Proof. From ( 2. 3 ) and using the Ḧolder integral inequality, we have

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×








1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ

ϑ−1

dy




1− 1
ϑ




1∫

0

λϑ
1 (y)

∣∣∣ζ ′ (λ1 (y))
∣∣∣
ϑ

dy




1
ϑ

+




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ

ϑ−1

dy




1− 1
ϑ




1∫

0

λϑ
2 (y)

∣∣∣ζ ′ (λ2 (y))
∣∣∣
ϑ

dy




1
ϑ





. (2. 15)

Since
∣∣∣ζ ′

∣∣∣
ϑ

is GA-convex on[η1, η2] for ϑ ≥ 1, we get

1∫

0

λϑ
1 (y)

∣∣∣ζ ′ (λ1 (y))
∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

1∫

0

(
1 + y

2

)
λϑ

1 (y) dy +
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

1∫

0

(
1− y

2

)
λϑ

1 (y) dy

= η
ϑ
2
1


2η

ϑ
2
1 − η

ϑ
2
2 − L

(
η

ϑ
2
1 , η

ϑ
2
2

)

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+η
ϑ
2
1


L

(
η

ϑ
2
1 , η

ϑ
2
2

)
− η

ϑ
2
2

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η2)
∣∣∣
ϑ

(2. 16)

and

1∫

0

λϑ
2 (y)

∣∣∣ζ ′ (λ2 (y))
∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

1∫

0

(
1− y

2

)
λϑ

2 (y) dy +
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

1∫

0

(
1 + y

2

)
λϑ

2 (y) dy

= η
ϑ
2
2


η

ϑ
2
2 − L

(
η

ϑ
2
1 , η

ϑ
2
2

)

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η1)
∣∣∣
ϑ

+η
ϑ
2
2


L

(
η

ϑ
2
1 , η

ϑ
2
2

)
+ η

ϑ
2
1 − 2η

ϑ
2
2

ϑ (ln η1 − ln η2)




∣∣∣ζ ′ (η2)
∣∣∣
ϑ

.

(2. 17)

We notice that
1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣
ϑ

ϑ−1

dy = 4−
2ϑ−1
ϑ−1

(
ϑ− 1
2ϑ− 1

) (
3

2ϑ−1
ϑ−1 + 1

)
. (2. 18)

Applying ( 2. 16 )-( 2. 18 ) in ( 2. 15 ), we get ( 2. 14 ). ¤
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Theorem 2.7. Let ζ : I ⊆ (0,∞) → R be a differentiable mapping onI◦, whereη1,
η2 ∈ I◦ with η1 < η2 and letφ : [η1, η2] → [0,∞) be a continuous positive mapping

and geometrically symmetric with respect to
√

η1η2. If ζ
′
, φ ∈ L1 [η1, η2] and

∣∣∣ζ ′
∣∣∣
ϑ

is

GA-convex on[η1, η2] for ϑ ≥ 1, then

|Ψ (η1, η2; ζ, φ)| ≤
η2 (ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×




[
θ
(
(θ − 3) ln θ − 4

(
θ − 2θ3/4 + 1

))

4 (ln θ)2

]1− 1
ϑ


θ

(
8

(
θ − 2θ3/4 + 1

)− (
9θ − 14θ3/4 − 1

)
(ln θ) + (2θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

+
θ
(
−8

(
θ − 2θ3/4 + 1

)
+

(
θ + 2θ3/4 − 7

)
(ln θ)− 3 (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ




1
ϑ

+

[
(3θ − 1) ln θ − 4

(
θ − 2θ1/4 + 1

)

4 (ln θ)2

]1− 1
ϑ

×



(
−8

(
θ − 2θ1/4 + 1

)− (
θ − 14θ1/4 + 9

)
(ln θ) + (2θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

+

(
8

(
θ − 2θ1/4 + 1

)− (
1 + θ1/4 − 7θ

)
(ln θ) + 3θ (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




1
ϑ





, (2. 19)

whereθ = (η1/η2)
1/2.

Proof. From ( 2. 3 ) and using the power-mean inequality, we have

|Ψ (η1, η2; ζ, φ)| ≤
(ln η2 − ln η1) ‖φ‖[η1,η2],∞

4

×








1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ1 (y) dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ1 (y)
∣∣∣ζ ′ (λ1 (y))

∣∣∣
ϑ

dy




1
ϑ

+




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ2 (y) dy




1− 1
ϑ




1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ2 (y)
∣∣∣ζ ′ (λ2 (y))

∣∣∣
ϑ

dy




1
ϑ





. (2. 20)
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By using the GA-convexity of
∣∣∣ζ ′

∣∣∣
ϑ

on [η1, η2] for ϑ ≥ 1, we get

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ1 (y)
∣∣∣ζ ′ (λ1 (y))

∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1 + y

2

)
λ1 (y) dy +

1∫

3
4

(
y − 3

4

)(
1 + y

2

)
λ1 (y) dy




+
∣∣∣ζ ′ (η2)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1− y

2

)
λ1 (y) dy +

1∫

3
4

(
y − 3

4

)(
1− y

2

)
λ1 (y) dy




=
η2θ

(
8

(
θ − 2θ3/4 + 1

)− (
9θ − 14θ3/4 − 1

)
(ln θ) + (2θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

+
η2θ

(
−8

(
θ − 2θ3/4 + 1

)
+

(
θ + 2θ3/4 − 7

)
(ln θ)− 3 (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

(2. 21)

and

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ2 (y)
∣∣∣ζ ′ (λ2 (y))

∣∣∣
ϑ

dy

≤
∣∣∣ζ ′ (η1)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1− y

2

)
λ2 (y) dy +

1∫

3
4

(
y − 3

4

)(
1− y

2

)
λ2 (y) dy




+
∣∣∣ζ ′ (η2)

∣∣∣
ϑ




3
4∫

0

(
3
4
− y

)(
1 + y

2

)
λ2 (y) dy +

1∫

3
4

(
y − 3

4

)(
1 + y

2

)
λ2 (y) dy




=
η2

(
−8

(
θ − 2θ1/4 + 1

)− (
θ − 14θ1/4 + 9

)
(ln θ) + (2θ − 3) (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η2)

∣∣∣
ϑ

+
η2

(
8

(
θ − 2θ1/4 + 1

)− (
1 + θ1/4 − 7θ

)
(ln θ) + 3θ (ln θ)2

)

8 (ln θ)3
∣∣∣ζ ′ (η1)

∣∣∣
ϑ

. (2. 22)



104 M. A. Latif and S. Hussain

We also have

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ1 (y) dy =

3
4∫

0

(
3
4
− y

)
λ1 (y) dy +

1∫

3
4

(
y − 3

4

)
λ1 (y) dy

=
η2θ

(
(θ − 3) ln θ − 4

(
θ − 2θ3/4 + 1

))

4 (ln θ)2
(2. 23)

and

1∫

0

∣∣∣∣
3
4
− y

∣∣∣∣ λ2 (y) dy =

3
4∫

0

(
3
4
− y

)
λ2 (y) dy +

1∫

3
4

(
y − 3

4

)
λ2 (y) dy

=
η2

(
(3θ − 1) ln θ − 4

(
θ − 2θ1/4 + 1

))

4 (ln θ)2
, (2. 24)

whereθ = (η1/η2)
1/2.

Using ( 2. 21 ) and ( 2. 24 ) in ( 2. 20 ) we get ( 2. 19 ). ¤
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[9] V. H. Huy and Q. A. Nĝo, New inequalities of Simpson-like type involvingn knots and themth derivative,
Math. Comput. Model. Dyn. Syst.,52 (3–4) (2010), 522–528.
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