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INEQUALITIES INVOLVING CERTAIN INTEGRAL OPERATORS

M. K. AOUF

(communicated by A. Kufner)

Abstract. Two integral operators Iαp (α > 0; p ∈ N) and Qα
β ,p (α > 0; β > −1; p ∈ N) ,

where N = {1,2, ....} , are introduced for functions of the form f (z) = zp +
∞
∑

n=1
ap+nzp+n which

are analytic and p -valent in the open unit disc U = {z : |z|< 1} . The object of the present paper
is to give an applications of the above operators to the differential inequalities.

1. Introduction

Let A(p) denote the class of functions of the form :

f (z) = zp +
∞

∑
n=1

ap+nz
p+n (p ∈ N = {1,2, ....}) (1.1)

which are analytic and p -valent in the open unit disc U = {z : |z| < 1} . In 1993 Jung
et al. [2] introduced the following one-parameter families of integral operators :

Iα f (z) =
2α

zΓ(α)

z∫
0

(
log

z
t

)α−1
f (t)dt (α > 0; f ∈ A(1)) (1.2)

and

Qα
β f (z) =

(
α +β
β

)
α
zβ

z∫
0

(
1− t

z

)α−1

tβ−1 f (t)dt

(α > 0; β > −1; f ∈ A(1)). (1.3)

They [2] showed that

Iα f (z) = z+
∞

∑
n=2

(
2

n+1

)α
anz

n , (1.4)

and

Qα
β f (z) = z+

Γ(α +β +1)
Γ(β +1)

∞

∑
n=2

Γ(p+n)
Γ(α +β +n)

anz
n. (1.5)

Mathematics subject classification (2000): 30C45.
Keywords and phrases: Analytic, p -valent, integral operators.

c© � � , Zagreb
Paper JMI-02-48

537



538 M. K. AOUF

Motivated essentially by Jung et al. [2], Liu and Owa [3] generalized the operator
Qα
β as Qα

β ,p : A(p) → A(p) defined as follows:

Qα
β ,p f (z) =

(
p+α+β −1

p+β −1

)
α
zβ

z∫
0

(1− t
z
)α−1tβ−1 f (t)dt

(α > 0; β > −1; p ∈ N; f ∈ A(p)). (1.6)

For f (z) ∈ A(p) given by (1.1) , Liu and Owa [3] have shown that

Qα
β ,p f (z) = zp +

Γ(α +β + p)
Γ(β + p)

∞

∑
n=1

Γ(β + p+n)
Γ(α +β + p+n)

ap+nz
p+n

(α > 0; β > −1; p ∈ N; f ∈ A(p)). (1.7)

It is easily verified from the definition (1.7) that (see [3])

z(Qα
β ,p f (z))′ = (α +β + p−1)Qα−1

β ,p f (z)− (α +β −1)Qα
β ,p f (z). (1.8)

We note that Qα
β ,1 = Qα

β .

Also Shams et al. [5] generalized the operator Iα as Iαp : A(p)→ A(p) , defined as
follows :

Iαp f (z) =
(p+1)α

zΓ(α)

z∫
0

(
log

z
t

)α−1
f (t)dt (α > 0; p ∈ N; f ∈ A(p)). (1.9)

For f (z) ∈ A(p) given by (1.1) , Shams et al. [5] have shown that

Iαp f (z) = zp +
∞

∑
n=1

(
p+1

p+n+1

)α
ap+nz

p+n (α > 0; p ∈ N). (1.10)

It is easily verified from the definition (1.10) that (see [5])

z(Iαp f (z))′ = (p+1)Iα−1
p f (z)− Iαp f (z). (1.11)

Also we note that Iα1 = Iα .
By using the operators Iαp and Qα

β ,p we define the following classes of functions :

The Class Φ : Let Φ be the set of complex- valued functions φ(r,s,t);

φ(r,s,t) : C3 →C (C is complex plane)

such that
(i) φ(r,s, t) is continuous in a domain D ⊂C3;
(ii) (0,0,0) ∈ D and |φ(0,0,0)| < 1;

(iii)

∣∣∣∣φ(eiθ ,(
ζ +1
p+1

)eiθ ,
(1+3ζ )eiθ +M

(p+1)2 )
∣∣∣∣ > 1
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whenever

(
eiθ ,(

ζ +1
p+1

)eiθ ,
(1+3ζ )eiθ +M

(p+1)2

)
∈ D with Re{e−iθM} � ζ (ζ −1) , for

all θ ∈ R, and for all ζ � p � 1 .

The Class Ψ : Let Ψ be the set of complex-valued functions ψ(r,s,t);

ψ(r,s,t) : C3 →C

such that
(i) ψ(r,s, t) is continuous in a domain D ⊂C3;
(ii) (0,0,0) ∈ D and |ψ(0,0,0)|< 1;
(iii) ∣∣∣∣ψ

(
eiθ ,

ζ−1+α+β
α+β+p−1

eiθ ,
(α+β−1)[2(ζ−1)+α+β ]eiθ +L

(α+β+p−1)(α+β+p−2)

)∣∣∣∣ > 1

whenever
(

eiθ ,
ζ −1+α+β
α +β + p−1

eiθ ,
(α +β −1)[2(ζ −1)+α+β ]eiθ +L

(α +β + p−1)(α+β + p−2)

)
∈ D

with Re{e−iθL} � ζ (ζ −1) for all θ ∈ R , and for real ζ � p � 1.

The Class H : Let H be the set of complex - valued functions h(r,s,t) ;

h(r,s,t) : C3 →C

such that
(i) h(r,s, t) is continuous in a domain D ⊂C3;
(ii) (1,1,1) ∈ D and |h(1,1,1)|< J (J > 1);
(iii)

∣∣∣∣h
(

Jeiθ ,
ζ+(p+1)Jeiθ

p+1
,

1
p+1

{
ζ+(p+1)Jeiθ+

ζ−ζ 2+(p+1)ζJeiθ+L
ζ+(p+1)Jeiθ

})∣∣∣∣ � J,

whenever
(

Jeiθ ,
ζ+(p+1)Jeiθ

p+1
,

1
p+1

{
ζ+(p+1)Jeiθ+

ζ−ζ 2+(p+1)ζJeiθ +L
ζ +(p+1)Jeiθ

})
∈ D

with Re{L} � ζ (ζ −1) for all θ ∈ R and for all ζ � J−1
J +1

.

The Class G : Let G be the set of complex-valued functions g(r,s,t);

g(r,s,t) : C3 →C

such that
(i) g(r,s, t) is continuous in a domain D ⊂C3;
(ii) (1,1,1) ∈ D and |g(1,1,1)|< J (J > 1);



540 M. K. AOUF

(iii)
∣∣∣∣g

(
Jeiθ ,

−1+ ζ +(α+β + p−1)Jeiθ

α +β + p−2
,

1
α +β + p−3

{
−2+ ζ +(α+β + p−1)Jeiθ+

ζ − ζ 2 +(α+β + p−1)ζJeiθ +M
−1+ ζ +(α+β + p−1)Jeiθ

})∣∣∣∣ � J,

whenever
(

Jeiθ ,
−1+ ζ +(α+β + p−1)Jeiθ

α +β + p−2
,

1
α +β + p−3

{
−2+ ζ +(α+β + p−1)Jeiθ+

ζ − ζ 2 +(α+β + p−1)ζJeiθ +M
−1+ ζ +(α+β + p−1)Jeiθ

})
∈ D

with Re{M} � ζ (ζ −1) for all θ ∈ R and for all ζ � J−1
J +1

.

2. Main Results

We recall the following lemmas due to Miller and Mocanu [4].

LEMMA 1. Let w(z) = bpzp +bp+1zp+1 + . . . (p ∈ N) be regular in the unit disc
U with w(z) �= 0 (z ∈U) . If z0 = r0eiθ (0 < r0 < 1) and |w(z0)| = max|z|�|z0| |w(z)| ,
then

(i)
z0w

′(z0) = ζw(z0) (2.1)

and
(ii) Re

{
1+

z0w′(z0)
w′(z0)

}
� ζ (2.2)

where ζ is real and ζ � p � 1.

LEMMA 2. Let w(z) = a+wkzk + . . . be regular in U with w(z) �= a and k � 1 .
If z0 = r0eiθ (0 < r0 < 1) and |w(z0)| = max|z|�|z0| |w(z)| , then

(i)
z0w

′(z0) = ζw(z0)

(ii)
Re

{
1+

z0w′(z0)
w′(z0)

}
� ζ

where ζ is a real number and

ζ � k
|w(z0)−a|2
|w(z0)|2−|a|2 � k

|w(z0)|− |a|
|w(z0)|+ |a| . (2.3)
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THEOREM 1. Let φ(r,s,t) ∈Φ and let f (z) belonging to the class A(p) satisfy
(i) (Iαp f (z), Iα−1

p f (z), Iα−2
p f (z)) ∈ D ⊂C3

and
(ii)

∣∣φ(Iαp f (z), Iα−1
p f (z), Iα−2

p f (z))
∣∣ < 1 , for α > 2 , p ∈ N and z ∈U .

Then we have ∣∣Iαp f (z)
∣∣ < 1 (z ∈U). (2.4)

Proof. We define the function w(z) by

Iαp f (z) = w(z) (α > 2; p ∈ N) (2.5)

for f (z) belonging to the class A(p) . Then, it follows that w(z) ∈ A(p) and w(z) �= 0
(z ∈U) . With the aid of the identily (1.11) , we have

Iα−1
p f (z) =

1
p+1

[w(z)+ zw′(z)] (2.6)

and

Iα−2
p f (z) =

1
(p+1)2 [w(z)+3zw′(z)+ z2w′(z)]. (2.7)

Suppose that z0 = r0eiθ (0 < r0 < 1;θ ∈ R) and

|w(z0)| = max
|z|�|z0|

|w(z)| = 1. (2.8)

Then, letting w(z0) = eiθ and using (2.1) of Lemma 1, we obtain

Iαp f (z0) = w(z0) = eiθ , (2.9)

Iα−1
p f (z0) =

(
ζ +1
p+1

)
w(z0) =

(
ζ +1
p+1

)
eiθ , (2.10)

and

Iα−2
p f (z0) =

1
(p+1)2 [(1+3ζ )eiθ + z2

0w
′′(z0)] =

(1+3ζ )eiθ +M
(p+1)2 , (2.11)

where M = z2
0w

′(z0) and ζ � p � 1.
Further, an application of (2.2) in Lemma 1 gives

Re

{
z0w′′(z0)
w′(z0)

}
= Re

{
z2
0w

′′(z0)
ζeiθ

}
� ζ −1, (2.12)

or
Re

{
e−iθM

}
� ζ (ζ −1) (θ ∈ R;ζ � 1). (2.13)

Since φ(r,s, t) ∈Φ , we also have
∣∣φ(Iαp f (z), Iα−1

p f (z), Iα−2
p f (z))

∣∣
=

∣∣∣∣φ(eiθ ,(
ζ +1
p+1

)eiθ ,
(1+3ζ )eiθ +M

(p+1)2 )
∣∣∣∣ > 1 (2.14)
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which contradicts the condition (ii) of Theorem 1. Therefore, we conclude that

|w(z)| = ∣∣Iαp f (z)
∣∣ < 1 (z ∈U ;α > 2). (2.15)

This completes the proof of Theorem 1.

COROLLARY 1. Let φ1(r,s,t) = s and let f (z) ∈ A(p) satisfy the conditions in
Theorem 1 for α > 2 , p ∈ N and z ∈U . Then

∣∣Iα+i
p f (z)

∣∣ < 1 (i = 0,1,2, ....; α > 2; p ∈ N;z ∈U). (2.16)

Proof. Note that φ1(r,s,t) = s is in Φ , with the aid of Theorem 1, we have
∣∣Iα−1

p f (z)
∣∣ < 1 =⇒ ∣∣Iαp f (z)

∣∣ < 1 (α > 2; p ∈ N)

=⇒ ∣∣Iα+i
p f (z)

∣∣ < 1 (i = 0,1,2, ....; α > 2; p ∈ N;z ∈U).

THEOREM 2. Let ψ(r,s,t) ∈Ψ and let f (z) belonging to the class A(p) satisfy-
ing

(i)
(Qα

β ,p f (z), Qα−1
β ,p f (z),Qα−2

β ,p f (z)) ∈ D ⊂C3

and
(ii)

∣∣∣ψ(Qα
β ,p f (z), Qα−1

β ,p f (z),Qα−2
β ,p f (z))

∣∣∣ < 1

for α > 2 , β > −1 , p ∈ N and z ∈U . Then we have
∣∣∣Qα

β ,p f (z)
∣∣∣ < 1, (z ∈U). (2.17)

Proof. Defining w(z) by

Qα
β ,p f (z) = w(z), (α > 2;β > −1; p ∈ N), (2.18)

we have w(z) ∈ A(p) and w(z) �= 0 (z ∈ U) . With the aid of the identily (1.8) , we
have

Qα−1
β ,p f (z) =

1
(α +β + p−1)

{
(α +β −1)w(z)+ zw′(z)

}
(2.19)

and

Qα−2
β ,p f (z) =

1
(α +β + p−1)(α+β + p−2)

{(α +β −1)(α+β −2)w(z)

+2(α+β −1)zw′(z)+ z2w′′(z)
}

. (2.20)

Suppose that z0 = r0eiθ (0 < r0 < 1;θ ∈ R) and

|w(z0)| = max
|z|�|z0|

|w(z)| = 1. (2.21)



INEQUALITIES INVOLVING CERTAIN INTEGRAL OPERATORS 543

Then letting w(z0) = eiθ and using (2.1), we obtain

Qα
β ,p f (z0) = w(z0) = eiθ , (2.22)

Qα−1
β ,p f (z0) =

1
(α +β + p−1)

{ζ −1+α+β}eiθ , (2.23)

and

Qα−2
β ,p f (z0) =

1
(α+β+p−1)(α+β+p−2)

{
(α+β−1)[2(ζ−1)+α+β ]eiθ+ L} ,

(2.24)
where L = z2

0w
′′(z0) and ζ � 1. Moreover, we find from (2.2) that

Re

{
z2
0w

′′(z0)
w′(z0)

}
= Re

{
z2
0w

′′(z0)
ζeiθ

}
� ζ −1, (2.25)

or
Re{e−iθL} � ζ (ζ −1) (θ ∈ R;ζ � 1). (2.26)

Since ψ(r,s, t) ∈Ψ , we also have

∣∣∣ψ(Qα
β ,p f (z),Qα−1

β ,p f (z),Qα−2
β ,p f (z))

∣∣∣ =
∣∣∣∣ψ(eiθ ,

ζ −1+α+β
α +β + p−1

eiθ ,

(α +β −1)[2(ζ −1)+α+β ]eiθ +L
(α +β + p−1)(α+β + p−2)

)
∣∣∣∣ > 1 (2.27)

which contradicts the hypothesis (ii) of Theorem 2. Therefore, we conclude that

|w(z)| =
∣∣∣Qα

β ,p f (z)
∣∣∣ < 1 (z ∈U ; α > 2;β > −1; p ∈ N), (2.28)

which completes the proof of Theorem 2.

COROLLARY 2. Let ψ0(r,s,t) = s and let f (z) ∈ A(p) satisfy the conditions in
Theorem 2 for α > 2 , β > −1 , p ∈ N and z ∈U . Then

∣∣∣Qα+i
β ,p f (z)

∣∣∣ < 1, (i = 0,1,2, ...;α > 2;β > −1; p ∈ N;z ∈U). (2.29)

Proof. Note that ψ0(r,s,t) = s is in Ψ , so with the aid of Theorem 2, we have

∣∣∣Qα−1
β ,p f (z)

∣∣∣ < 1 =⇒
∣∣∣Qα

β ,p f (z)
∣∣∣ < 1 (α > 2;β > −1; p ∈ N;z ∈U)

=⇒
∣∣∣Qα+i

β ,p f (z)
∣∣∣ < 1 (i = 0,1,2, ...;α > 2;β > −1; p ∈ N;z ∈U).

REMARK 1. Putting p = 1 in the above results we obtain the results obtained by
Aouf et al. [1].
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THEOREM 3. Let h(r,s,t) ∈ H, and let f (z) belonging to A(p) satisfying
(i)

(
Iα−1
p f (z)
Iαp f (z)

,
Iα−2
p f (z)

Iα−1
p f (z)

,
Iα−3
p f (z)

Iα−2
p f (z)

) ∈ D ⊂C3

and
(ii)

∣∣∣∣∣h(
Iα−1
p f (z)
Iαp f (z)

,
Iα−2
p f (z)

Iα−1
p f (z)

,
Iα−3
p f (z)

Iα−2
p f (z)

)

∣∣∣∣∣ < J

for some α, p, J (α > 3; p ∈ N;J > 1) and for all z ∈U. Then we have
∣∣∣∣∣
Iα−1
p f (z)
Iαp f (z)

∣∣∣∣∣ < J (z ∈U). (2.30)

Proof. We define the function w(z) by

Iα−1
p f (z)
Iαp f (z)

= w(z) (α > 3; p ∈ N) (2.31)

for f (z) belonging to the class A(p) . Then, it follows that w(z) is either analytic or
meromorphic in U , w(0) = 1, and w(z) �= 1. With the aid of the idenitily (1.11) , we
have

Iα−2
p f (z)

Iα−1
p f (z)

=
1

p+1

[
(p+1)w(z)+

zw′(z)
w(z)

]
(2.32)

and

Iα−3
p f (z)

Iα−2
p f (z)

=
1

p+1

⎧⎪⎪⎨
⎪⎪⎩

(p+1)w(z)+
zw′(z)
w(z)

+

(p+1)zw′(z)+
zw′(z)
w(z)

+
zw′′(z)
w(z)

−
(zw′(z)

w(z)

)2

(p+1)w(z)+
zw′(z)
w(z)

⎫⎪⎪⎬
⎪⎪⎭

. (2.33)

Suppose that z0 = r0eiθ (0 < r0 < 1;θ ∈ R) and |w(z0)| = max|z|�|z0| |w(z)| = J . Let-
ting w(z0) = Jeiθ and using Lemma 2 with a = k = 1, we see that

Iα−2
p f (z0)

Iα−1
p f (z0)

=
1

p+1
[ζ +(p+1)Jeiθ ] (2.34)

and

Iα−3
p f (z0)

Iα−2
p f (z0)

=
1

p+1

{
ζ +(p+1)Jeiθ +

ζ − ζ 2 +(p+1)ζJeiθ +L
ζ +(p+1)Jeiθ

}
, (2.35)
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where L =
z0w′′(z0)
w(z0)

and ζ � J−1
J +1

.

Further, an appliciation of (ii) in Lemma 2 gives

Re{L} � ζ (ζ −1).

Since h(r,s, t) ∈ H , we have
∣∣∣∣∣h

(
Iα−1
p f (z0)
Iαp f (z0)

,
Iα−2
p f (z0)

Iα−1
p f (z0)

,
Iα−3
p f (z0)

Iα−2
p f (z0)

)∣∣∣∣∣
=

∣∣∣∣h
(

Jeiθ ,
ζ +(p+1)Jeiθ

p+1
,

1
p+1

{
ζ +(p+1)Jeiθ+

ζ − ζ 2 +(p+1)ζJeiθ +L
ζ +(p+1)Jeiθ

})∣∣∣∣ � J, (2.36)

which contradicts condition (ii) of Theorem 3. Therefore, we conclude that

|w(z)| =
∣∣∣∣∣
Iα−1
p f (z)
Iαp f (z)

∣∣∣∣∣ < J (2.37)

for all α > 3, p ∈ N and z ∈U . This compltes the proof of Theorem 3.

THEOREM 4. Let g(r,s,t) ∈ G, and let f (z) belonging to A(p) satisfying
(i) (Qα−1

β ,p f (z)

Qα
β ,p f (z)

,
Qα−2
β ,p f (z)

Qα−1
β ,p f (z)

,
Qα−3
β ,p f (z)

Qα−2
β ,p f (z)

)
∈ D ⊂C3

and
(ii)

∣∣∣∣∣g
(Qα−1

β ,p f (z)

Qα
β ,p f (z)

,
Qα−2
β ,p f (z)

Qα−1
β ,p f (z)

,
Qα−3
β ,p f (z)

Qα−2
β ,p f (z)

)∣∣∣∣∣ < J

for some α , β , p ,J (α > 3; β > −1; p∈ N; J > 1) and for all z ∈U . Then we have∣∣∣∣∣
Qα−1
β ,p f (z)

Qα
β ,p f (z)

∣∣∣∣∣ < J (z ∈U). (2.38)

Proof. We define the function w(z) by

Qα−1
β ,p f (z)

Qα
β ,p f (z)

= w(z) (α > 3; β > −1; p ∈ N) (2.39)

for f (z) belonging to the class A(p) . Then, it follows that w(z) is either analytic or
neromorphic in U , w(0) = 0, and w(z) �= 1. With the aid of the identily (1.8) , we
have

Qα−2
β ,p f (z)

Qα−1
β ,p f (z)

=
1

(α +β + p−2)

[
−1+(α+β + p−1)w(z)+

zw′(z)
w(z)

]
(2.40)
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and

Qα−3
β ,p f (z)

Qα−2
β ,p f (z)

=
1

(α +β + p−3)

⎧⎪⎪⎨
⎪⎪⎩
−2+(α+β + p−1)w(z)+

zw′(z)
w(z)

+
(α +β + p−1)zw′(z)+

zw′(z)
w(z)

+
z2w′′(z)
w(z)

−
(zw′(z)

w(z)

)2

−1+(α+β + p−1)w(z)+
zw′(z)
w(z)

⎫⎪⎪⎬
⎪⎪⎭

. (2.41)

Suppose that z0 = r0eiθ (0 < r0 < 1; θ ∈ R) and |w(z0)| = max|z|�|z0| |w(z)| = J .
Letting w(z0) = Jeiθ and using Lemma 2 with a = k = 1, we see that

Qα−2
β ,p f (z0)

Qα−1
β ,p f (z0)

=
1

(α +β + p−2)
[−1+ ζ +(α+β + p−1)Jeiθ ] (2.42)

and

Qα−3
β ,p f (z0)

Qα−2
β ,p f (z0)

=
1

(α +β + p−3)

{
−2+ ζ +(α +β + p−1)Jeiθ+

ζ − ζ 2 +(α+β + p−1)ζJeiθ +M
−1+ ζ +(α+β + p−1)Jeiθ

}
, (2.43)

where M =
z0w′′(z0)
w(z0)

and ζ � J−1
J +1

.

Further, an appliciation of (ii) in Lemma 2 gives

Re{M} � ζ (ζ −1).

Since g(r,s, t) ∈ G , we have

∣∣∣∣∣g
(Qα−1

β ,p f (z0)

Qα
β ,p f (z0)

,
Qα−2
β ,p f (z0)

Qα−1
β ,p f (z0)

,
Qα−3
β ,p f (z0)

Qα−2
β ,p f (z0)

)∣∣∣∣∣
=

∣∣∣∣g
(

Jeiθ ,
−1+ ζ +(α+β + p−1)Jeiθ

(α +β + p−2)
,

1
(α +β + p+3)

{
−2+ ζ +(α+β + p−1)Jeiθ+

ζ − ζ 2 +(α+β + p−1)ζJeiθ +M
−1+ ζ +(α+β + p−1)Jeiθ

})∣∣∣∣ � J, (2.44)

which contradicts condition (ii) of Theorem 4. Therefore, we conclude that

|w(z)| =
∣∣∣∣∣
Qα−1
β ,p f (z)

Qα
β ,p f (z)

∣∣∣∣∣ < J (2.45)



INEQUALITIES INVOLVING CERTAIN INTEGRAL OPERATORS 547

for all α > 3, β > −1, p ∈ N and z ∈U . This completes the proof of Theorem 4.

Acknowledgements. The author is thankful to the referee for his comments and
suggestions.

RE F ER EN C ES

[1] M. K. AOUF, H. M. HOSSEN AND A. Y. LASHIN,An application of certain integral operator, J. Math.
Anal. Appl., 248 (2000), 475-481.

[2] I. B. JUNG, Y. C. KIM AND H. M. SRIVASTAVA, The Hardy space of analytic functions associated
with certain one-parameter families of integral operators, J. Math. Anal. Appl., 176 (1993), 138-147.

[3] J.- L. LIU AND S. OWA, Properties of certain integral operators, Internat. J. Math. Math. Sci., —-¿
3(2004), no.1, 69-75.

[4] S. S. MILLER AND P. T. MOCANU, Second order differential inequalities in the complex plane, J.
Math. Anal. Appl., 65 (1978), 289-305.

[5] S. SHAMS, S. R. KULKARNI AND J. M. JAHANGIRI, Subordination properties of p-valent functions
defined by integral operators, Internat. J. Math. Math. Sci., Volume 2006 (2006), Article ID 94572, 1-3.

(Received January 7, 2008) Faculty of Science
Mansoura University

Mansoura 35516, Egypt
e-mail: mkaouf127@yahoo.com

Journal of Mathematical Inequalities
www.ele-math.com
jmi@ele-math.com


