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The purpose of this paper is to introduce two novel subclasses I'y(n,a,f) and I'}(n,a,p) of
meromorphic p-valent functions by using the linear operator D}. Then we prove the necessary
and sufficient conditions for a function f in order to be in the new classes. Further we study
several important properties such as coefficients inequalities, inclusion properties, the growth
and distortion theorems, the radii of meromorphically p-valent starlikeness, convexity, and

subordination properties. We also prove that the results are sharp for a certain subclass of
functions.

1. Introduction
Let X, denote the class of functions of the form

f(z)=2z"+ i axz" (axr>0; peN=1{1,2,..}), (1.1)
k=p+1

which are meromorphic and p-valent in the punctured unit disc U* = {z € C: 0 < |z] < 1} =
U - {0}. For the functions f in the class %, we define a linear operator DY by the following
form:

Dif(z) = (1+pA)f(z) + Azf'(2), (A>0),
DYf(z) = f(2),

D}f(z) = Dif(2),

D}f(2) = Di(Dif(2)),

(1.2)
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and in general for n =0, 1,2, ..., we can write

1 & n
>+ > (1+pr+k))"az, (neNo=NU{0}; peN). (1.3)

k=p+1

Dif(z) =

Then we can observe easily that for f € %,
zA(D'f(z)) = DI f(z) - (1+pA)DIf(z), (p€N; neNy). (1.4)

Recall [1, 2] that a function f € X, is said to be meromorphically starlike of order a if it is
satisfying the following condition:

zf'(2) "
Re{— e } >a, (zel), (1.5)

for some a (0 £ a < 1). Similarly recall [3] a function f € X, is said to be meromorphically
convex of order a if it is satisfying the following condition:

Re{—l - Zj:,,;(zz)) } >a, (zeU") forsomea (0<a<1). (1.6)

Let X, (a) be a subclass of X, consisting the functions which satisfy the following inequality:

>pa, (zelU”; a>0). (1.7)

Re {_z(sz(z»’}

D} f(z)
In the following definitions, we will define subclasses I'y (n, a, ) and I'} (1, &, ) by using the
linear operator DY.
Definition 1.1. For fixed parameters a > 0, 0 < f < 1, the meromorphically p-valent function

f(z) € Zp(a) will be in the class Ty (n, a, f) if it satisfies the following inequality:

z(Dif(2))
p(D}f(z))

+1{+p, (ne Np). (1.8)

Re {_z(DZf(z))’} -
p(Dif(2)

Definition 1.2. For fixed parameters a > 1/(2 + f); 0 < p < 1, the meromorphically p-valent
function f(z) € X,(a) will be in the class I} (n, &, p) if it satisfies the following inequality:

z(D}f(2))'
p(Df(z))

+a+ap

< Re {_z(DZf(z))’

W} +a—-ap, VY(n€ Np). (1.9)
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Meromorphically multivalent functions have been extensively studied by several authors, see
for example, Aouf [4-6], Joshi and Srivastava [7], Mogra [8, 9], Owa et al. [10], Srivastava
etal. [11], Raina and Srivastava [12], Uralegaddi and Ganigi [13], Uralegaddi and Somanatha
[14], and Yang [15]. Similarly, in [16], some new subclasses of meromorphic functions in the
punctured unit disk was considered.

In [17], similar results were proved by using the p-valent functions that satisfy the
following differential subordinations:

2(0,(r, \)f(2)) ™ Lat (aB+(A-B)f)z
(p— 1) (0p(r, V) f(2))" a(l+Bz)

(1.10)

and studied the related coefficients inequalities with  complex number.

This paper is organized as follows. It consists of four sections. Sections 2 and 3
investigate the various important properties and characteristics of the classes I'y (1, &, §) and
Il (n, &, B) by giving the necessary and sufficient conditions. Further we study the growth
and distortion theorems and determine the radii of meromorphically p-valent starlikeness
of order u (0 < p < p) and meromorphically p-valent convexity of order y (0 < p < p). In
Section 4 we give some results related to the subordination properties.

2. Properties of the Class I'y(n, «, p)

We begin by giving the necessary and sufficient conditions for functions f in order to be in
the class I'y (1, a, ).

Lemma 2.1 (see [2]). Let

a+p -p
a—1+a, fora§1+m,
R, - ) 2.1)
\/(1—a)2(1—cx2)—2(1—ﬁ)(1—a), fora21+a(1_+ﬁa).
Then
{w:|w-a| <R} C{w:Re(w) > alw - 1|+ p}. (2.2)

Theorem 2.2. Let f € 3. Then f is in the class T'y(n, a, p) if and only if

i [p(a+p) +k(1+a)](kA+pr+1)"ar <p(1-p)
k=p+1 (23)

(x>0, 0<p<1; peN; neNp).
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Proof. Suppose that f € I'y(n, a, ). Then by the inequalities (1.3) and (1.8), we get that

Re {_z(sz))’} S
p(Df(2)

N ECHIC))
p(Df(2)

+ 1‘ +p. (2.4)

That is,

R 1- 32,1 (k/p) (kA +pA+1)"agzkr
¢ 1+ Z,;";pﬂ (kA +pr+ 1)"akzk+P

. a‘ S0 ((k/p) +1) (kA +pd+1)" a2 y

1+ 300 (KA +pA+1) " agzkr

(2.5)

S ((k/p) +1) (kA +ph+ 1)"azkr
>Refa- - +p
1+ Z,;“;pﬂ (kA +pA+1) agzkr

_pel Pt Eipa [a((/p) + 1) + ] (kA +pd + 1) 2=
1+ 3320 (kA + ph+1)"agzkr ’

that is,

(2.6)

o[ PU=P) = S (kb ks pat pp) (KA +pd+ 1)zt P |
e > 0.
1+ 352, (kA +pA+1) " agzk -

Taking z to be real and putting z — 1~ through real values, then the inequality (2.6) yields

p(1-B) = X, (k + ka +pa+pp) (kA +pL+1)"ax
1+ 3% 0 (kA +pr+1) ax

>0, (2.7)

which leads us at once to (2.3).

In order to prove the converse, suppose that the inequality (2.3) holds true. In
Lemma 2.1, since 1 < 1+ ((1 - f)/a(1 + a)), put a = 1. Then for p € N and n € Ny, let
Wnp = —z(D;ff(z))'/p(DZf(z)). If welet z € oU* = {z € C : |z| = 1}, we get from the
inequalities (1.3) and (2.3) that [wy, — 1| < Ry. Thus by Lemma 2.1 above, we ge that

z2(Dif(2)

p(Dyf(2)

Re {_z(sz))’ )
p(Dif(2))

1}:Re{wnp}2a|wnp—l|+ﬂ:a‘ 1‘+ﬁ

z(Dif(2)
p(Dif(z))

=a +1[+p, (a>0, 0<p<1; peN; neNy).

(2.8)

Therefore by the maximum modulus theorem, we obtain f € I'y(n, a, ). O
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Corollary 2.3. If f € I'\(n, a, p), then

o< p(1-P)
2 p(a+p)+ k(1 + )| (kh+ph+1)"

(x>0, 0<p<1; peN; neNy). (2.9)

The result is sharp for the function f(z) given by

< p(1-p) k

z)=zP+ z5 (a>0;, 0<p<1, peN; ne Ny).
f@ i p(at B) + k(L +a)] (kA +pl+ 1) ( petip 0)
(2.10)
Theorem 2.4. The class I'y(n, a, B) is closed under convex linear combinations.
Proof. Suppose the function
f(z)=z7"+ Z arz" (akj>0; j=1,2, peN), (2.11)
k=p+1
be in the class I'y (n, &, B). It is sufficient to show that the function h(z) defined by
h(z) = (1-6)fi(2) +6fa(z) (0<6<1), (212)
is also in the class I'y (1, a, ). Since
h(z)=zP+ > [(1-6)ak: +6aa]z", (0<6<1), (2.13)
k=p+1
and by Theorem 2.2, we get that
> [pla+p) + k(1 +a)] (kA +pd+1)"[(1 - 6)ar + ba;]
k=p+1
= > (1-8)[pla+p) + k(1 +a)] (kL +pL+1)"ax,
k=p+1 (2.14)
+ Z Slp(a+p) +k(1+a)] (kA +pr+1)"ak,
k=p+1
<1A-6)p(-p)+6p(1-p)=p(1-p), (>0, 0<p<1;, peN; neNy).
Hence f € Ty (n,a, f). O

The following are the growth and distortion theorems for the class I'y(n, a, ).
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Theorem 2.5. If f € I'y(n,a, p), then

{ (P +m - ]-)' _ (]- - ﬂ) . Plzin rzp}r—(p+m) < |f(m)(z)|
(p-1)! Qa+p+1)(p+1)"" (p-m)! B
< { (p+m-1)! N (1-p) o pi2t r2p}r—(p+m) (2.15)
(p-1)! Qa+p+1)(p+1)"" (p-m)!

(0<l|zl=r<1;, a>20; 0<p<1; peN; n,me Ny; p>m).

The result is sharp for the function f given by

IR (1-p) .
@ == +k=Zp+1 (2a+ﬁ+l)(2p+2)nzp/ (& Noi p € N). (210

Proof. From Theorem 2.2, we get that

pQa+p+ 1)('2;7 +2)" i klay < i [p(a+p) + k@ +a)] (kA +pr+1)"ax
(p+1)! Ko Ko (2.17)
<p(1-p),
that is,
S p-p+1)!  (A-pp2™
2 S e e )@ Gar (e 219

By the differentiating the function f in the form (1.1) m times with respect to z, we get that

-1)! & k!
fm(z) = (—1)’"%7:(?%) + kglmakzk—m, (m e No; p € N) (2.19)

and Theorem 2.5 follows easily from (2.18) and (2.19). Finally, it is easy to see that the bounds
in (2.15) are attained for the function f given by (2.18). O

Next we determine the radii of meromorphically p-valent starlikeness of order y (0 <
u < p) and meromorphically p-valent convexity of order y (0 < pu < p) for the class I'y (n, a, ).

Theorem 2.6. If f € I'\(n, a, ), then f is meromorphically p-valent starlike of order p(0 < p < 1)
in the disk |z| < ry, that is,

zf'(2) _ .
Re{— ) }>y (0<pu<p; |zl<r; peN), (2.20)
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where

r1 = inf
k>p+1

(p— ) [p(a+p) + k@A +a)] (kA +pr+1)") "7 o
p(k+u)(1-p) . :

Proof. By the form (1.1), we get that

(zf'(2)/f(2)) +p H iy (k +p)azt
(zf'@/f(2) -p+2u| |2(p-w)z7? + 0 (k—p+2p)acz*

Zl?;p+1 (k + p)lzlk

< — . (2.22)
2(p - p)aklzl ™ + T, (k= p + 2p) alzl*
B Sipe (k+ p)ax|z[“
2p - ) + Ty (k= p +2p) x|z
Then the following incurability
(zf'(2)/f(2)) —p+2u
also holds if
® (k+
D MaklZI"*”S 1, (0<u<p; peN). (2.24)
k=p+1 p- )

Then by Corollary 2.3 the inequality (2.24) will be true if

(k+p) 2 < [p(a+p) + k(1 +ax)] (kA +pL+1)"

, < ; , 2.25
(r-n) p(1-p) Osp<ppen) (229

that is,

kp o (P=W[p(a+p) + k(A +a)] (kd +pr+1)"
- p(k+u)(1-p) '

|z] (0<u<p; peN). (2.26)

Therefore the inequality (2.26) leads us to the disc |z| < r1, where ry is given by the form
(2.21). O

Theorem 2.7. If f € I'\(n, a, ), then f is meromorphically p-valent convex of order p (0 < u < 1)
in the disk |z| < 1y, that is,

Re{—l - Z;((ZZ)) } su (0<u<p; |zl <r; peN), (2.27)
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where

7, = inf
k>p+1

{(P—#)[(Mﬂ) +k(1+ )] <kx+w»+1>"}”‘“” (2.28)
k(k+p)(1-p) '

Proof. By the form (1.1), we get that

1+ (zf"(2)/f'(2)) +p ‘ _ ‘ ip k(k +p)axz*
1+ (zf"(z)/ f'(z)) —p+2u 2p(p—-p)z " + S k(k—p+2u)agzk

Sy k(k+p)lzl*

< — p (2.29)
2p(p - p)alzl 7 + T, k(k —p +2u) aglz[*
B Siipe k(k+ P)ak|z|k+P
2p(p - p) + S0 pr k(k = p + 2p) a |27
Then the following incurability:
1 " !
+(ff (Z),/f(Z))+P <1, (0<pu<p;peN) (2.30)
1+ (zf"(2)/f'(2)) -p+2u
will hold if
& k(k+
> Mauzl’”p <1, (0<u<p; peN). (2.31)
o p(p— 1)

Then by Corollary 2.3 the inequality (2.31) will be true if

k(k+p) 2 < [p(a+p) +k@1+a)] (kA +pr+1)"
p(p—n) - p(1-p)

, (0<pu<p; peN), (2.32)

that is,

1257 < (p-p)[(a+p) +k@+a)](kA+pr+1)"

k(k+p)(1-P) , Osp<pipeN). (2.33)

Therefore the inequality (2.33) leads us to the disc |z| < r», where r, is given by the form
(2.28). O

3. Properties of the Class I'|(n, a, §)

We first give the necessary and sufficient conditions for functions f in order to be in the class
I'i(n,a,p).
A_ 4 4
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Lemma 3.1 (see [2]). Let p > 6 and

a fora<2u+6,
{2W for a>2u+6. D
Then
(w:|w-al <Ry} Cw: |w- (4+86)| <Refw+p-5). (3.2)
Lemma3.2. Leta >0and 0 < f<1
5, for a < 2a+ap,
{ZW for a> 20+ ap. o
Then
{w:|w—a|<Ra) C{w: |w— (a+ap)| <Re{w+a-ap)). (3.4)

Proof. Sincea >0and 0 < f <1, then a > af. Thenin Lemma 3.1, puty =aand 6 = aff. O

Theorem 3.3. Let f € 3. Then f is in the class I'} (n, a, p) if and only if

> (k+pap) (kA +pr+1)"ar <p(1-ap) (az 21[5; 0<p<1;, peN; n€N0>.
k=p+1

(3.5)
Proof. Suppose that f € T' (n, &, ). Then by the inequality (1.9), we get that
z(Dif(2)) { z(Dif(2)) }
R . 3.6
=) I R WTTIE) S o
That is,
2(Dif(2)) 2(Dif(2)
Re{p(fo(z)) e } *[poray o)

z(Dif(2))
‘Re{ p(D"f(z))}” i
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that is,

2z(D}f(2))’ }
Re{ ———~ +2 0. 3.8
e{ (Dl f) ) 8

Hence by the inequality (1.3),

Re{ “2p(1-ap) + X7, 2(k + pap) (kA + pA+1)" a2 } <o. (3.9)

p+ Z,;";pﬂ p(kX+pA+1)"agzk
Taking z to be real and putting z — 1~ through real values, then the inequality (3.9) yields

2p(1 = ap) + 37,1 2(k + pap) (kL +pd +1)"ax
p+ S P(kA+pA+1) ax

<0, (3.10)

which leads us at once to (3.5).

In order to prove the converse, consider that the inequality (3.5) holds true. In
Lemma 3.2 above, since « > aff and a > 1/(2 + ff), that is, 1 < 2a + aff, we can put
a = 1. Then for p € N and n € Ny, let w,, = —z(DZf(z))'/p(D}ff(z)). Now, if we let
z € oU" = {z € C : |z| = 1}, we get from the inequalities (1.3) and (3.5) that [w,, — 1| < R;.
Thus by Lemma 3.2 above, we ge that

z(Df(2))'
p(D}f(2))

_z(Dif(2)
p(Dif(2)
= [w = (a+ap)|
<Re{w +a - ap} = Re{w} +a - ap

_ {_z(sz))’
p(D}f(2))

+a+aﬁ‘

- (a+ap) ‘
(3.11)

1
}+a—cxﬂ, <a22+ﬂ; 0§ﬂ<1;peN;neN0>.

Therefore by the maximum modulus theorem, we obtain f € I'| (n, a, p). O

Corollary 3.4. If f € I'\(n,a, p), then

p(1-ap) (az 1

< ;0<p<l peN; neNy). 312
=kt pap) (kL + pr+ 1) avp 0SP<lpeNin °> (312
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The result is sharp for the function f(z) given by

_ - p(1-ap) k 1
f(z)y=z"F+ z a>——-:>0<p<l, peN;, neNp).
kzzpﬂ (k + pap) (kA +pL+1)" 2+p
(3.13)
Theorem 3.5. The class I'} (n, a, p) is closed under convex linear combinations.
Proof. This proof is similar as the proof of Theorem 2.4. O

The following are the growth and distortion theorems for the class I'} (n, a, f5).

Theorem 3.6. If f € '} (n, a, p), then

{(p+m—l)! B (1-ap) pa
P-D!  (Q+ap)(p+1)" (p-m)!

. { (prm-D! _ (1-ap) p sz}r_@m) (3.14)
(p-1)! (1+Ltﬂ)(p+1)w1 (p-m)!

TZP}r—(wm) < |f(m)(z)|

1
<0<|z|:r<l;azm;0§ﬂ<l;peN; n,meNo;p>m>.

The result is sharp for the function f given by

& (1-ap) |
& Trapyprzy . (ENPEN) (3.15)

f@)=z"+

Next we determine the radii of meromorphically p-valent starlikeness of order y (0 < yu < p)
and meromorphically p-valent convexity of order p (0 < u < p) for the class I'{ (n, a, ).

Theorem 3.7. If f € I'{(n, a, p), then f is meromorphically p-valent starlike of order p (0 < pu <1)
in the disk |z| < ry, that is,

Re{—z}c(iz))}w (0<p<p; l2l<m; peN), (3.16)
where
g [ G pap) (kL pa + )" (317)
= p(k+u)(1-ap) ' .

Proof. This proof is similar to the proof of Theorem 2.6. O
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Theorem 3.8. If f € I} (n, &, ), then f is meromorphically p-valent convex of order p (0 < p < 1)
in the disk |z| < 1y, that is,

Re{—l—z.;((zz))}>y (0<u<p; |zl <r; peN), (3.18)
where
_ 1)" 1/(k+p)
r = inf (p— ) (k +pap) (kL +p)+1) . (3.19)
k>p+1 k(k+p)(1-ap)
Proof. This proof is similar to the proof of Theorem 2.7. O

4. Subordination Properties

If f and g are analytic functions in U, we say that f is subordinate to g, written symbolically
as follows:

f<g inU or f(z)<g(z) (zel) (4.1)

if there exists a function w which is analytic in U with

w(0)=0, |w(z)|<1 (zel), (4.2)
such that
f(z) =g(w(z)) (zel). (4.3)
Indeed it is known that
f(2)<g(z) (zel)= f(0)=g(0), f(U)cgl). (4.4)

In particular, if the function g is univalent in U we have the following equivalence (see [18]):
f(z)<g(z) (zel) < f(0)=g(0), fU)cgU). (4.5)

Let ¢ : C> — C be a function and let h be univalent in U. If J is analytic function in U and
satisfied the differential subordination ¢(J(z), J'(z)) < h(z) then J is called a solution of the
differential subordination ¢(J(z), J'(z)) < h(z). The univalent function g is called a dominant of
the solution of the differential subordination, J < g.
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Lemma 4.1 (see [19]). Let q(z) #0 be univalent in U. Let 8 and ¢ be analytic in a domain D
containing q(U) with ¢(w) #0 when w € q(U). Set

Q(z) = zq4 (2)$(q(2)),  h(z) =0(q(2)) + Q(2). (4.6)

Suppose that
(i) Q(z) is starlike univalent in U,
(ii) Re{zh'(z)/Q(z)} > 0 for z € U.
If ] is analytic function in U and

0(J(2)) +zJ'(2)9(J (2)) < 0(q(2)) + zq (2)$(q(2)), (4.7)

then J(z) < q(z) and q is the best dominant.

Lemma 4.2 (see [20]). Let w,y € C and ¢ is convex and univalent in U with ¢$(0) = 1 and
Re{w¢(z) + v} > 0 forall z € U. If q is analytic in U with q(0) = 1 and

zq'(z)

=) wq(z) +y

<¢(z) (zel), (4.8)

then q(z) < ¢(z) and ¢ is the best dominant.

Theorem 4.3. Let q(z) # 0 be univalent in U such that zq'(z)/ q(z) is starlike univalent in U and

zq"(z)  zq'(2)
q(z)  4q(z)

Re{1+§q(z)+ }>o, (e,y €C, y#0). (4.9)

If f € %, satisfies the subordination

I LvACI [HZUW er Z[fo(Z)]l]<eq(z>+72‘7'(z) (4.10)

[Dif (=] D] DG 9(z)
then z[Di‘f(z)]'/ [D' f(z)] < q(z) and q is the best dominant.
Proof. Our aim is to apply Lemma 4.1. Setting

_z[Dif(2)] P+ X k(kh+pd+1) az"?
- [D}f(2)] o1+ S (kX +p\+1)"axzk

J(z) , (neNy; peN), (4.11)

0(w) = w and ¢(w) = y/w, y #0. It can be easily observed that J is analytic in U, 0 is analytic
in C, ¢ is analyticin C/{0} and ¢(w) # 0. By computation shows that

2@ _,, ZDf @) z[Dif @)

= 4,12
J(2) [Drf(z)]  [D}f(2)] w1
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which yields, by (4.10), the following subordination:

zJ'(2) rzq (2)
€f(z) +y @ <eq(z) + @ (4.13)
that is,
0(J(2)) +2J'(2)9(J (2)) < 0(q(2)) + zq' (2)$(q(2)). (4.14)
Now by letting
Q) - = (p(a(z) = =T,
, (4.15)
h(z) = 0(q(2)) + Q(2) = eq(z) + Y‘:‘(’Z()Z).
We find Qi starlike univalent in U and that
zh'(2) | _ € zq'(z)  z4(2)
Re{ 0@ } = Re{l + Yq(z) + 7@ e } > 0. (4.16)
Hence by Lemma 4.1, z[D;ff(z)]'/ [D} f(z)] < q(z) and q is the best dominant. O
Corollary 4.4. If f € %, and assume that (4.9) holds, then
. z[Dlf(2)]" JltAz  (A-B)z @17)

[fo(z)]' 1+Bz (1+Az)(1+Bz)
implies that z[DZf(z)]’/[D;L‘f(z)] <(1+Az)/(1+Bz),-1<B<A<land (1+Az)/(1+ Bz)
is the best dominant.

Proof. By setting € =y =1 and g(z) = (1 + Az)/(1 + Bz) in Theorem 4.3, then we can obtain
the result. O

Corollary 4.5. If f € X, and assume that (4.9) holds, then

z[Dif(2)]"

1
"D

<e"+az (4.18)

implies that z[D' f(z)]'/[D} f(2)] < €%, |a| < or and e°= is the best dominant.

Proof. By setting € = y = 1 and g(z) = e** in Theorem 4.3, where |a| < 7. O
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Theorem 4.6. Let w,y € C, and ¢ be convex and univalent in U with ¢(0) = 1 and Re{wd(z)+y} >
0forall z € U. If f € %, satisfies the subordination

L+y+ (z[Dif )]/ [DifR)]) - (w/p) +1) (2[Dif(2)] / [Dif(2)])
w-y(p[Dif(2)]/2[Dif(2)])

< P(2), (4.19)

then —z[D;ff(z)]'/p[DZf(z)] < ¢(z) and ¢ is the best dominant.
Proof. Our aim is to apply Lemma 4.2. Setting

~z[Dif(2)] P+ X, k(kd+pl+ 1)"axzkv

(z) = . = — _ ,
K P[D)Lf(z)] P+Zk=p+1 p(kA+pL+1)"apzk

(ne Ng; peN). (4.20)

It can be easily observed that q is analytic in U and g(0) = 1. Computation shows that

2q(z) _ ., z[Dif@]" _z[Dif ]

= - 421
RN E B CHIE) 2
which yields, by (4.19), the following subordination:
zq (2)
q(Z) + m < (;b(Z), (Z € ll) (422)
Hence by Lemma 4.2, -z[D f(z)]'/ [pD’ f (z)] < ¢(z) and ¢ is the best dominant. O

Acknowledgments

The authors express their sincere thanks to the referees for their very constructive comments
and suggestions. The authors also acknowledge that this research was partially supported
by the University Putra Malaysia under the Research University Grant Scheme 05-01-09-
0720RU.

References

[1] M. K. Aouf and H. M. Hossen, “New criteria for meromorphic p-valent starlike functions,” Tsukuba
Journal of Mathematics, vol. 17, no. 2, pp. 481-486, 1993.

[2] S. S. Kumar, V. Ravichandran, and G. Murugusundaramoorthy, “Classes of meromorphic p-valent
parabolic starlike functions with positive coefficients,” The Australian Journal of Mathematical Analysis
and Applications, vol. 2, no. 2, pp. 1-9, 2005.

[3] M. Nunokawa and O. P. Ahuja, “On meromorphic starlike and convex functions,” Indian Journal of
Pure and Applied Mathematics, vol. 32, no. 7, pp. 1027-1032, 2001.

[4] M. K. Aouf, “Certain subclasses of meromorphically p-valent functions with positive or negative
coefficients,” Mathematical and Computer Modelling, vol. 47, no. 9-10, pp. 997-1008, 2008.

[5] M. K. Aouf, “Certain subclasses of meromorphically multivalent functions associated with
generalized hypergeometric function,” Computers & Mathematics with Applications, vol. 55, no. 3, pp.
494-509, 2008.



16 Journal of Inequalities and Applications

[6] M. K. Aouf, “On a certain class of meromorphic univalent functions with positive coefficients,”
Rendiconti di Matematica e delle sue Applicazioni. Serie VII, vol. 11, no. 2, pp. 209-219, 1991.

[7] S. B. Joshi and H. M. Srivastava, “A certain family of meromorphically multivalent functions,”
Computers & Mathematics with Applications, vol. 38, no. 3-4, pp. 201-211, 1999.

[8] M. L. Mogra, “Meromorphic multivalent functions with positive coefficients. I,” Mathematica Japonica,
vol. 35, no. 1, pp. 1-11, 1990.

[9] M. L. Mogra, “Meromorphic multivalent functions with positive coefficients. II,” Mathematica Japonica,
vol. 35, no. 6, pp. 1089-1098, 1990.

[10] S. Owa, H. E. Darwish, and M. K. Aouf, “Meromorphic multivalent functions with positive and fixed
second coefficients,” Mathematica Japonica, vol. 46, no. 2, pp. 231-236, 1997.

[11] H. M. Srivastava, H. M. Hossen, and M. K. Aouf, “A unified presentation of some classes of
meromorphically multivalent functions,” Computers & Mathematics with Applications, vol. 38, no. 11-12,
pp. 63-70, 1999.

[12] R. K. Raina and H. M. Srivastava, “A new class of meromorphically multivalent functions with
applications to generalized hypergeometric functions,” Mathematical and Computer Modelling, vol. 43,
no. 3-4, pp. 350-356, 2006.

[13] B. A. Uralegaddi and M. D. Ganigi, “Meromorphic multivalent functions with positive coefficients,”
The Nepali Mathematical Sciences Report, vol. 11, no. 2, pp. 95-102, 1986.

[14] B. A. Uralegaddi and C. Somanatha, “New criteria for meromorphic starlike univalent functions,”
Bulletin of the Australian Mathematical Society, vol. 43, no. 1, pp. 137-140, 1991.

[15] D. G. Yang, “On new subclasses of meromorphic p-valent functions,” Journal of Mathematical Research
and Exposition, vol. 15, no. 1, pp. 7-13, 1995.

[16] L Faisal, M. Darus, and A. Kiligman, “New subclasses of meromorphic functions associated with
hadamard product,” in Proceedings of the International Conference on Mathematical Sciences (ICMS '10),
vol. 1309 of AIP Conference Proceedings, pp. 272-279, 2010.

[17] A. Tehranchi and A. Kiligman, “On certain classes of p-valent functions by using complex-order and
differential subordination,” International Journal of Mathematics and Mathematical Sciences, vol. 2010,
Article ID 275935, 12 pages, 2010.

[18] H. M. Srivastava and S. S. Eker, “Some applications of a subordination theorem for a class of analytic
functions,” Applied Mathematics Letters, vol. 21, no. 4, pp. 394-399, 2008.

[19] S.S. Miller and P. T. Mocanu, “Subordinants of differential superordinations,” Complex Variables, vol.
48, no. 10, pp. 815-826, 2003.

[20] Z.-G. Wang, Y.-P. Jiang, and H. M. Srivastava, “Some subclasses of meromorphically multivalent
functions associated with the generalized hypergeometric function,” Computers & Mathematics with
Applications, vol. 57, no. 4, pp. 571-586, 2008.



