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1. Introduction

Let $ denote the class of functions which are
analytic in the punctured disk U* = {z: 0 < |z| <
1} of the form

a
f@) = 2+ Z 47" ap>0. (L1)
n=1

Suppose that $*denote the subclass of § consisting
of functions that are univalent in U".

Further $;, denote subclass of £ consisting of
functions f of the form

0
Qo
f(Z) = 7+ Z am+nzm+n' ag > 0,010
n=0

>0,meN (1.2)
Definition: A function f € $;, is said to be
meromorphic starlike of order a in U™ if it satisfies
the inequality

zf (2) .
Re{f(z) }> —a,z€ U,0<a<1. (1.3)

On the other hand, a function f € §;, is said to be
meromorphic convex of order @ in U™ if it satisfies
the inequality

zf (2)
f'(@)

Re{1+ }>—a,z€ U,0<a

<1. (14)

Various subclasses of § have been introduced and
studied by many authors see [1], [2], [5], [7], [8],
[16],[17],[19], [20], [21] and [23] In recent years,
some subclasses of meromorphic functions
associated with several families of integral operators
and derivative operators were introduced and
investigated see [7] [8], [18] and [4],[15]. The first
differential operator for meromorphic function was
introduced by Fraisin and Darus [10]. Ghanim and
Darus introduced a differential operator [11]:

@) = ),
, 2a,
I'f(z) =zf (2) + —
Pf) = A1) + 2
7 = 2 (159 (2) + 2
where k € N, = NU{0},z € U*.

For a function f in $;, , from definition of the
differential operator I*f(z), we easily see that
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0

I"f(2) = Go Zn"a z™" a,>0,a
- 7 m+n 4 0 »Ym+n
n=0

>0,meN,keN, = NU{0},z
e U. (1.5)
By using the operator I¥, some authors have
established many subclasses of meromorphic
functions, for example [9], [11],[12] and [13]. With
the help of the differential operator I*, we define the
following new class of meromorphic univalent
functions and obtain some interesting results.
Let $, (1, 0,9), denote the family of meromorphic
univalent functions f of the form (1.2) such that
zz(lkf(z))'+ a,

922(I*f (2)) — ap + (1 +9)nay
For 0<1<10<6<1 0<9<1 keN;=
NU{0},and z € U".
For a given real number z,(0 <z, <1). Let
Dmi(i=0,1)be a subclass of $;,satisfying the
condition zyf(z,) =1 and —z,%f'(z0) =1
respectively.
Let

Omi(M0,9,20) = D1 i (1,6,9)

N Hyi, (@ =0,1). (1.7)

For other subclasses of meromorphic univalent
functions, one may refer to the recent work of Aouf
[2], Aouf and Darwish [3], Cho et al [8], Joshi et al
[14], Srivastava and Owa [21] and [22]. Also we
prove a necessary and sufficient condition for a
subset C of the real interval [0, 1] should satisfy the
property Uz,ec Dmox(m,6,9,2,) and
Uzrec Dm1k(m,0,9,2,) each constitute a convex

<6, (16)

family.

2. Coefficient Inequalities
In this section, we provide a necessary and sufficient
condition for a function f meromorphic univalent in
U to be in H7,,(1,6,9), Do, 0,9,2,) and
53:711,/( (1,6,9,2).
Theorem 2.1: A function f(z) € ;, defined by
equation (1.2) is in the class $;,,(n,0,9) if and
only if

2 _onf(m+n)(1+ 98)apn < 0ay(l —
maA+9), (2.1)
where 0<17<1,0<6<1 0<9<1 ke
N, = NU{0},and z € U".
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The result is sharp for the function given by
a Oa,(1 — 1+9
f2) = G ol m( ) Zmn
z  nfk(m+n)1+ 99)
>1 (2.2)
Proof: Assume that the condition (2.1) is true. We

must show that f € $;, ,(n,0,9) or equivalently

prove that

zz(lkf(z))’+ a, |< 0
1922(1"‘]‘(2))’— a,+ (1 +19)77a0| ’

zz(l"f(z)),+ a, |_
ﬁzz(lkf(z))'— a, + (1 +19)r;a0| -

ag+ (—ag+ Xy (m+ n)nkam+nzm+n+l)
I(—ag + Yo (m + n)nka,, 2z —ay + (1 +9)na,

Z:):O(m + n)nka'm+nzm+n+1

I(—ag + Ypo(m + n)nka,, 21 —ay + (1 +9)na,
<

| Z;?:O(m'*' n)nkam+n | <8

[9(=aq + Troo(m + mn*ap,,) = ag + (1+9)nag| ~

The last inequality is true by (2.1).

Conversely, suppose that f € $;,,(n,0,9). We
must show that the condition (2.1) holds true. We
have

zz(lkf(z))’+ a, |< 9
1922(1"‘]‘(2))’— a, + (1 +19)77a0| .

Thus
| Sio(m + )Gy 2
|ﬁ(—a0 + Yo o(m+mnkay,, ,zmm) —a, + (1+ 19)r;a0|
< 6.
Since Re(z) < |z| for all z, we have

m+n+1 |

Tnco(m + mn*ay 2™

¢ {ﬁ(—ao + Y (m+nmnkay,, ,zmt ) —a, + (1+ z9)na0}
<é.
Now, choosing values of z on the real axise and
allowing z = 1 from the left through real values, the
last inequality immediately yields the desired
condition in (2.1).
Finally, it is observed that the result is sharp for the
function given by

a5 Bag(1— m(l+9)

&=+ manar o 0 =L

Theorem 2.2: A function f(z) € §;, defined by
equation (1.2) is in the class 97,4, (1, 0,9, z,) if and
only if

Hazha .Z

e [nk(m+n)(1+199)
n=01 ga-m)@+9)

2™ ain <1, (23)

where 0<1n<10<8<1, 0<9<1 ke
N, = NU{0},and z € U".
The result is sharp for the function given by
n*(m+n)(1+ 99) +6(1 — n)(1 +9)zm+?
f& = s A+ 98) + 001 = DA+ 9)zgm 1]’
meNn=>1 (24)
Proof: Assume that f € $7.0,(1,0,9,2,), then

0
2
f(ZO) = Z_ + Z am+nZOm+n' Qo > 0' Am+n
0 n=0
>0meN

o0
— m+n+1
zof (29) = ao + Z Am+nZo v o> 0,amn
n=0

>0,meN

1= QAo + Z am+nzom+n+1' Qo > 0' Am+n
n=0
>0,meN
ap=1- Z AninZo™ Y, ag > 0,an4n
n=0
>0,meN, (2.5)
Subistituting equation (2.5) in inequality (2.1), we
get

0

Z n*m+n)1 + 99)a,.y

n=0
<6 <1 - Z am+nzom+"+1> 1
n=0
- A +9),
Z n*m+n)(1 + 90)a,.p
n=0
+ Z 6(1— m(
n=0
+ ﬁ)am+nzom+n+1
<601 -nA+9)
Thus,
= [nk 1+ 90
Z [Tl (m + Tl)( + ) + m+n+1] am+n S 1'
n=0

61— A +9)  °

Hence the proof is complete.



Journal of AL-Qadisiyah for computer science and mathematics
ISSN (Print): 2074 — 0204

Vol.11 No.1 Year 2019
ISSN (Online): 2521 — 3504

Theorem 2.3: A function f(z) € &;, defined by
equation (1.2) is in the class $;,, (1, 0,9, z,) if and
only if

- nk(1+96)
n=o(m +n) [9(1— na+d)

<1 (2.6)

Amin =
where 0<1n<1,0<6<1,
N, = NU{0},and z € U".
The result is sharp for the function given by

f@

n*m+n)(1+ 99) +60(1 — n)(1+9)z™ "+

T Zm+ (L + 90) — 01— DA+ Dzgrr]
ENn=1 (27)
Proof: Assume that f € $7,,,(1,0,9,z,), then

0

Zom+n+1]

0<v<1 ke

Qo
f(ZO) = Z_ + Z am+nZOm+n' Qo > 0! Am+n
0

n=0

>0,meN

o0
2 _ +n+l
—zo2f'@) = ay + Z(m + M) aminze™ T, ag

n=0
>0,am4n >0,meN

o0
1= qy+ Z(m + M) Apminze™ T, ag

n=0

>0,an4n >0,meN

o0
= E m+n+1
ap=1- (m + )40 » Qo

n=0
>0,am4n >0m
EN, (2.8)
subistituting equation (2.8) in equation (2.1), we get

o0

Z n*(m +n)(1+ 90)a,,.n,

n=0

<0 <1 - Z(m + n)am+nzom+n+1> (1 - TI)(1
n=0
+9)
and,

0

Z n*m+n)(1 + 90)a4n

n=0

+ o(m +n)(1 — n)(1

+ ﬁ)am+nzom+n+1
<6(1-)A-nA+9)
Thus,
w nka+96)
Sieo(m +m) i
Hence the proof is complete.

<1

Anin =

m+n+1
0
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From Theorem 2.2 and Theorem 2.3, we have the

following results:

Corollary 2.1: If a function f(z) € §;, defined by

(1.2) is in the class $y,0 (1,6, 9, zy), then

Amin =
6(1-n)(1+9)

nk(m4+n)(1+ 96)+0(1— n)(1+9)z,mtn+1’

(2.9)

where 0 <n<1,0<8<10<9<1 keN,=

NU{0},and z € U".

Corollary 2.2: If a function f(z) € §;, defined by

(1.2) is in the class $Hy,1 . (1,6,9, zy), then

Amin =
6(1—-n)(1+9)

(m+n)[nk(1+ 90)- 8(1— ) (1+9)zoM+1+1]’

(2.10)

where 0 <n<1,0<8<10<9<1 keN,=

NU{0},and z € U".
3. Covering theorems

In this section, distortion theorems will

considered and covering property for functions in
the classes Hy0.(1,0,9,2,) and H7,4,(,6,9,2,)

will also be given.

Theorem 3.1: If a function f(z) € §,, defined by
equation (1.2) is in the class $y,0 (1, 6,9, zy), then

If (2)I
m(1+ 99) —0(1— n)(1 + 9)rm+t

T orm(1+ 99) +0(1 — n)(1 +9)zym+1]
where 0 <7 <1,0<0<10<9<1, k€N,
NU{0},and 0 < |z| < 1.

The result is sharp with the extremal function f

given by
m(1+ 98) +6(1 — n)(1 +9)r™*?

f(2) =

we have

m(1+ 90)+6(1— n)A+

Nzy" M Yna, < Yeonf(m+n)(1+
99) +6(1— (1 + ﬁ)zom+”+1am+n <
61— nA+9),

oo

E Am+n

n=0
< 61— nA+9
T m(l4+ 99)+0(1— )1+ 9)zym

63

r[m(1+ 99) + 0(1 — n)(A + 9)zy™ ]
Proof: Since f € $;,0,(1, 6,9, zy), by Theorem 2.2
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Also we have

a=1- Z UmanZo™ ™Y, @ > 0,0mn
n=0
>0,meN,
- m(1 + 69)
“m(1+ 99) +6(1 — (1 + 9)zymH
Thus from the above equation we obtain

o0

Qo z
—_— + am+nzm+n
z

n=0

>0meN

If ()| =

,Gy > 0, Qi

0

>20_m
—T_r Am+n

n=0
m(1+ 99) —6(1— n)(1+ 9)rm+t

T orm1+ 968) +6(1 — (A + 9)zym*1]
Hence the proof is complete.

Theorem 3.2: If a function f(z) € §;, defined by
equation (1.2) is in the class $y, . (1,6,9, z,), then

If ()]

m(1+ 99) +6(1 — n)(1 + 9)r™+!

T rm(1+ 98) +0(1 — n)(A +9)zym*1]
where 0 <71 <1,0<0<10<9<1, keN,=
NU{0},and 0 < |z| = r < 1.

The result is sharp with the extremal function f
given by

m(1+ 99) +6(1 — p)(1 + 9)r™m*?
f& = i a+ 90 00 = @+ DHzgm 1T
Proof: Since f € $;,,,(1,6,9,2,) by Theorem 2.3
we have
m(1+ 90)+06(1— n)(1+
9)zo™  Trn0 @y < Zmmon (M +n)(1 +
90)+0(1— A+ ﬁ)zom+"+1am+n <
61— m(1+9),

[ee)

Am+n
=0

S

61— n)(1+9)
m(1+ 99) —0(1 — n)(1 + 9)z,m+V
Also we have

IA

a,= 1+ Z(m + M) Apinzo™ L, ag
n=0
>0,ap4n > 0,meN,
< (1+69)
T+ 99)+0(1— (1 +9)zymH
Thus from the above equation we obtain
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o0
Qo z :
24 am+nzm+n
z

If(2)| = o > 0,040
n=0
>0meN
ao -
<—+r™m Z Amsn
r

n=0
m(1+ 99) +0(1— n)(1 +9)r™*?
T rm[(1+ 98) +0(1 — n)(1 + 9)zymH1]
Hence the proof is complete.
Corollary 3.1: The disk 0 < |z| <1 is mapped
disk |w| <

onto a domain that contains the
m(1+96)-0(1—n)(1+9)rMm+1
[m@+ 98)+8(1— n)(1+9)zo™+1]

f € S:):HO,R (77; 9; 19; ZO)'

function

by any

4. Extreme Points
The extreme points of the class $7,0,(1,6,9,2)
and $7,,,(1,0,9,2,) are given by the following
theorem.

Theorem 4.1: Let f,(z) =

and

fnan(2)

n*(m+n)(1+ 99) + 6(1 — n)(1 + 9)zm"+t

T ZnEm A ) + 90) + 61— (L + 9)zgmr]

n=0
then f(z) is in the class $p,0,(1,0,9,2), if and
only if it can be expressed in the form f(z) =
Z)oqozo anm+n(z) where Yn 2 0, Vi = 0 (i =
1,2,...m—=—1m=2)and Yo ¥, = 1.
Proof: Suppose

1
)
z

F@ = Yufn(®
n=0

Yo
z

©

n*(m+n)(1+ 90) +6(1— (1 +9)z™ "y, .
Z z[n*(m+n)(1+ 90) + 6(1 — n)(1 + 9)z,m 1]

n=0

_ 1[
= ; Yo
- n*(m + n)(1 + 960)¥mn
Z n*(m+n)(1+ 96) +0(1 — n)(1 + 9)z,m+n+1

n=0
oo

Z (1 — M)A+ NYmenz™ !
n*(m+n)(1+ 96) + 6(1 — n)(1 + 9)zym*n+1’

n=0
Then, we have

[oe]

nf(m+n)(1+ 96) +6(1 — n)(1 +9)z,™* "+
Z 01— (1 +9)

n=0
X
9(1 - TI)(1 + ﬁ)ym+n
nk(m+n)(1+ 96) + 0(1 — n)(1 + 9)z,m*n+1 )
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Zym+n = 1_]/0 <1
n=0

Now, we have

Zo fman (ZO) =1
Thus,

Zof (z9) = Z Ym+nZofm+n(Z0) = Z Ymsn = L.
n=0 n=0

This implies that f € $,,,0 k.

Therefore f € Hy0 (1, 0,9, 7).

Conversely, suppose f € H7,0 (1, 6,9, 2,). Since
01— nA+9)

m+n < ’
nkm+n)(1+ 96) +6(1 — n)(1 + 9)z,mn+t
n =0.

a

Set

Yman

_[n*m+n)(A+ 96) +0(1 = n)(1 +9)z,"™+"*"]

61— N +9) Gmn Tt
>0,
and Yo = 1- ZZJ:O Ym+n-
Then

f@ = nf).
n=0
This completes the proof of Theorem 4.1.
Theorem 4.2: Let f,(z) = i

and

fnin(2)

o nfm A1+ 99) + 01— n)(A +9)zm

T zm+n)[nk(1+ 96) — 6(1 — n)(1 + 9)zmnr1]’
n=0

Then f(z) is in the class $Hp,1, (M, 0,9, 2,), if and
only if it can be expressed in the form f(z) =
Yin=0Ynfn(2) where m=0y;,=0(0=
1,2,...,m—1m=2)and Yo ¥, = 1.
Corollary 4.1: The extreme points of the class
Drmor(,60,9,24) are the
fo(2), fi frm+1s fins2s - in Theorem 4.1.
Corollary 4.2: The extreme points of the class
D1k (,0,9,24) are the

fO(Z)' fm' fm+1' fm+2; in Theorem 42

functions

functions

5. Closure Theorems

Theorem 5.1: The class $;,,,(1,6,9,2,) is closed
under convex linear combination
Proof: Suppose that the
Dmox (M, 0,9, 2,) defined by

functions f,g €

o0
Qo
flz) = ~ + Z AmanZ™ a0 > 0,04n > 0,2
n=0

e U*
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and

o0

g =24 Z by onz™ by > 0, by on > 0,2
Z s
e U
respectively, it is sufficient to prove that the
function H defined by
H(z) = wf(2) + (1 - w)g(2),
is also in the class $,0 (11,0, 9, z,).

< w<1
Since

way+ (1 —w)b,

V4

+ Z(wam+n + (1 — w)bpin )z"“'", a,
n=0

H(z)

>0,am4n >0,z U

we observe that

Z[nk(m +n) + 99)

n=0
+ Zom+n+1](wam+n
+ (1= bpyn ) < 01— M1
+9),

with the aid of theorem 2.2.

Thus H(z) € Hmor(®,0,9,2).

This completes the proof of the theorem.

In a similar manner, by using Theorem 2.3, we can
prove the following theorem.

Theorem 5.2: The class $;,, ,(1,6,9,2,) is closed
under convex linear combination.

Proof: The proof is similar to that of Theorem 5.1.

Theorem 5.3: Let the function f;(z),l=
0,1,2,..., q defined by
%ot m+n
fl(z) = 7 + Am+niZ , Qg > 0, Am+n,l
n=0
>0,z€ U

be in the class $y, (1, 6,9, 2,). Then the function
q

0@ = Y afi@), (@20)
1=0
is also in the class 97,0, 6,9,2,), where

Z?:O Cl = 1.
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Proof: By Theorem 2.2 and for every [=
0,1,2,..,q we have
Z[nk(m +n)(1+ 90) + zy™ "™  ay

n=0

<6(1-n@A+9),

Then,
q ©
Qo,1 n
@(z) = a 7+ Amanz™ ], (¢, 2 0)
=0 n=0
o) q
Czaoz
+ Z <Z Clam_'_n'l) Zm+n.
n=0 \=0
Since

Z[nk(m +n)(1 + 90)
n=0

q
+ Zom+n+1] <Z Clam+n,l> ’

=0

= Zq:c, (i [n*(m +n)(1 + 96)

=0 n=0

m+n+1
+ Zy ] am+n,l>'

q
< (Z cl>e(1 — DA +9),

1=0
=60(1-nm1+9),
Then, ¢ (2) € Hr0. M, 6,9, 2,).
Theorem 5.4: Let the
0,1,2, ..., q defined by

fi) =2+ Z -

> 0,z€ U*

be in the class $y,1 (1, 6,9, 2p). Then the function

a
0@ = Y afi@), (@20

1=0
in the class $7,,,(1,6,9,2,), where
Yoo =1
Proof: The proofis similar to that of Theorem 5.3.
6. Convex Family
Definition 6.1: The family $5,0,(,0,9,C) is
defined by

Omox(,0,9,C) =V, cc Drmox®,6,9,2,),

where C is a nonempty subset of the real interval
[0,1] and $y0x (1, 6,9,C) is defined by a convex
family if the subset C consists of one element only
by Theorems 5.1 and 5.3.

fil2), 1=

function

aO > 0' am+n,l

is also
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Now, we have the following results:
Lemma 6.1: Let z;,z, € C be two distinct positive

f(2) € Hrmox(,6,9,20) N
Do, 6,9,2,), then f(z) = i

Proof: Suppose that f(z) € $7,0,(1,0,9,2) N
53:n0,k(77’9'19, Z3),

numbers and

we have
(o]
— m+n+1
ap=1- E Am+nZ1
[ee]
— m+n+1
= § Am4nZ2 .
n=0
Also
o0
+n
f(Z) - Z Am4+nZ , Qo > 0, Am+n

n=0
>0meN

Thus,a,,., =0,V n = 0, because a4, = 0,2; >0

and z, > 0, hence

1

f@)= .
This completes the proof of the Lemma.
Theorem 6.1: Suppose that C < [0,1], then
Dmox(,6,9,C) is a convex family if and only if C
is connected.
Proof: Assume that C is connected and z;,z, € C
with z; < z,.

o)

— m+n+1
ap = 1- E Am+nZo

[o9]
— m+n+1
=1- E bm+n21 g
n=0

Suppose that the functions f € $y,0,(1,6,9,2,)
defined by

f(2) =

o0
—+ E AmsnZ™ ™, a0 > 0,04, > 0,2
n=0

e Uur
and g € $7,0,(1,0,9,2;)

b o0
9(z) = 70 + Z bpsnz™ ", by > 0, by yn > 0,2
n=0

€ U
it is sufficient to prove that the function H defined
by
HZ) = of(2)+ 1-w)g(z), (O0< w<1)
that there exists a z,(zy < z, < z;) is also in the
class H7,0 (M, 0,9, 2,).
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Then
K(z) = zH(2)
K(z) = wayg+ (1 — w)b,

+ Z(wam+n + (1= @bmn )z2™™, a4

n=0
>0,ap., >0,z€ U
=1

0

+ w Z(zm+n_ Zom+n )am+n

n=0

(oo}
+(1-w) Z (2™ = 2™ ) bypyn, @0 > 0, Qi
n=0

>0,z€e U
since z is real number, then K(z) is also real number
also we have
K(zy) < 1and K(z;) = 1, there exists z, € [z, 2],
such that K(z,) = 1.
Therefore,

2,H(z3) = z,,
this implies that

(20 < 7, < 2y)

H(2) € Hmo k-
We observe that

7o m+n)(1 + 90) + 2, ) (wanp +
(1 - (‘-’)bm+n )

= w Z[nk(m +n)(1 + 99) + z,™"" a0,

n=0

+(1- ) Z[n"(m + )1+ 96)
n=0
+ Zlm+n+1] bm+n

+6(1-n)(1
+ 19)0.) Z(zzm+n+1_ Zom+n+1 ) Amin
n=0

+6(1 - n)A+9)(1

- w) Z(zzm+n+1_ Zlm+n+1 ) Domin
n=0

= w Z[nk(m +n)(1 + 99) + z,™"" a0,

n=0
oo

+(1- ) Z[nk(m +)(1+ 96)
n=0
+ Zlm+n+1] bm+n

<1 -nNA+N+A-w)0A-nA+9)
=6(1-nA+9).
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With the aid of theorem 2.2.
Thus, H(z) € Hmor(™,6,9,2,).
Since z;and z, are arbitrary numbers, the family
Dmox(,6,9,C) is convex.
Conversely, if the set C is not connected, then there
exists zg,z; and z, such that z,,z; € C and z, € C
and z, < z, < z;.
Now, let f(2) € Dmor(,6,9,2,), and g(z) €
Dmo k (1,6,9,2,)
Therefore,

K(w) = K(z, w)

— m+n+1 m+n+1
- 1 + (UZ(ZZ - ZO )am+n
n=0

[oe]
+(1 _ w) Z(zzm+n+1_ Zlm+n+1 ) bm+nf a,
n=0

>0,ap4n>0,z€ U
for fixed z,and 0 < w < 1.
Since K(z,,0) <1 and K(z,,1) > 1, there exists
we; 0 < wy <1, such that K(z,,w,) =1 or
2,K(z;) = 1,
where K(z) = wof(2) + (1 — wy)g(2).
Therefore K(z) € $701(1,0,9,2,)
Also K(2) & Hmox(®,0,9,C) using Lemma 6.1.
Since z, € C and K(z) # z.
Thus the family $7,,(,0,9,C) is not convex
which is a contradiction.
This completes the proof of theorem.
Conclusion: The main impact of this paper is to is
to introduce a new subclasses of meromorphic
univalent functions, and study their geometrical
properties , like coefficient estimate, distortion
theorem, extreme points and convex family.

References

[1] M. K. Aouf, A
meromorphically starlike functions with positive
coefficients, Rend. Mat., 9(1989), 225-235.

[2] M. K. Aouf, On a class of
meromorphically univalent functions with positive
coefficients, Rend. Mat., 11(1991), 209-219.

[3]M. K. Aoufand H. E. Darwish, On meromorphic
univalent functions with positive coefficients and
fixed two points, Ann. St. Univ. A. 1. Cuza, lasi,
Tomul XLII, Matem., (1996), 3-14.

[4] W. G. Atshan,
functions with positive coefficients defined by

certain subclass of

certain

Subclass of meromorphic

Ruscheweyh derivative II, Surveys in Math. and its
Appl., 3(2008), 67-77.



Journal of AL-Qadisiyah for computer science and mathematics

ISSN (Print): 2074 — 0204  ISSN (Online): 2521 — 3504

Vol.11 No.1 Year 2019

[5] S. K. Bajpai, A note on a class of meromorphic
univalent functions, Rev. Roum. Math. Pures App.,
22(1977), 295-297.

[6] N. E. Cho, On certain class of meromorphic
functions with positive coefficients, J. Inst. Math.
Comput. Sci., 3,2(1990), 119-125.

[7]1 N. E. Cho, K. Inayatnoor, Inclusion properties
for certain classes of meromorphic functions
associated with the Choi-Saigo-Srivastava operator,
J. Math. Anal. Appl., 320(2006), 779-786.

[8] N. E. Cho, I. H. Kim, Inclusion properties for
certain classes of meromorphic functions associated
with the generalized hypergeometric function,
Applied Mathematics and Computation, 187(2007),
115-121.

[9] R. M. El- Ashwah, M. K. Aouf, Hadamard
product of certain meromorphic starllike and convex
functions, Comput. Math. Appl., 57(2009), 1102-
1106.

[10] B. A. Frasin, M. Darus, On
meromorphic functions with positive coefficients,
Southeast Asian Bull. Math. , 28(2004), 615-623.
[11] F. Ghanim, M. Darus, On certain subclass of
merpmorphic univalent functions with fixed residue,
Far East J. Math. Sci., 26(2007), 195-207.

[12] F. Ghanim, M. Darus, A new subclass on
uniformly starlike and convex functions with
negative coefficients II, Int. J. Pure Appl. Math., 45,
4(2009), 559-572.

[13] F. Ghanim, M. Darus, On a certain subclass of

certain

meromorphic univalent functions with fixed second
positive coefficients, Surveys in Mathematics and its
Applications, 5(2010), 49-60.

68

Hazha .Z

[14] S. B. Joshi, S. R. Kulkarni and N. K. Thakare,
Subclasses of meromorphic functions with missing
coefficients, J. Analysis, 2(1994), 23-29.

[15] Krzysztof, Piejko, J. Sokol, Subclasses of
meromorphic functions associated with the Cho-
Know-Srivastava operator, J. Math. Anal. Appl.,
337(2008), 1261-1266.

[16] J. E. Miller, Convex meromorphic mapping and
related functions, Proc. Amer. Math. Soc., 25(1970),
220-222.

[17] M. L. Mogra, T. R. Reddy, O. P. Juneja,
Meromorphic univalent functions with positive
coefficients, Bull. Austral. Math. Soc., 32(1985),
161-176.

[18] S. Mouyuan, Z. Mingliu, H. M. Srivastava,
Some inclusion relationships and integral preserving
properties of certain subclasses of meromprphic
functions associated with a family of integral
operators, J. Math. Anal. Appl., 337(2008), 505-515.
[19] C. Pommerenke, On meromorphic starlike
functions, Pacific J. Math., 13(1963), 221-235.

[20] W. C. Poyster, Meromorphic starlike
multivalent functions, Am. Math. Soc.
107(1963), 300-308.

[21] H. M. Srivastava, S. Owa, Current topics in
analytic functions theory, World Scientific,
Singapore, 1992.

[22] B. A. Uralegaddi and M. D. Ganigi,
Meromprphic starlike functions with two fixed
points, Bull. Iranian Math. Soc., 14, No.1(1987), 10-
21.

[23] B.A. Uralegaddi, C. Somanatha, New criteria
for meromorphic starlike univalent functions, Bull.
Austral. Math. Soc., 43(1991), 137-140.

Trans.



Journal of AL-Qadisiyah for computer science and mathematics Vol.11 No.1 Year 2019
ISSN (Print): 2074 — 0204  ISSN (Online): 2521 — 3504

Hazha .Z

el ey 48 a9 mall SR dgala) J)gal) (e Byaa dilial Jga

O ) 03l

Als cdﬁ)\cdﬁﬁ‘th&“@ c?jw\;\:\-‘scﬂl,y.bgﬁ‘ed

s oaldicd)
S lal Dl e $50,(0,0,9,20) (i = 1,2) s Cilial (aoxs e Caadl N b
AL 1 sall (e Calioad ol Cus€ gl candl i jlas ocs gumill Lol

69



