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Abstract
In this paper we consider the class ¥,(\, o, B, k, ¢) consisting of analytic
meromorphic functions and with fixed second coefficients .In the present paper
we have obtained coefficient inequalities for the class X,(\, o, B, k,c). Also we
have shown that this class is closed under arithmetic mean and convex linear
combinations. Lastly we have obtained extreme points, growth and distortion
bounds and the radius of meromorphically starlikeness for functions in the class

X,(\ o, Bk, c).
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1. Introduction

Let ¥ denote the class of functions f of the form :

f(z) =§+Zanz" (1.1)
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which are analytic and univalent in the punctured unit disc

U'={z:2€C;|z| <1} =U\{0}. (1.2)

Let ¥*(8) and 3.(8) be the subclasses of ¥ consisting of univalent mero-
morphically starlike of order 5(0 < 5 < 1) and meromorphically convex of
(0 < B < 1), respectively.

Analytically a function f of the form (1.1) is in the class ¥*(3) if and only if

2’ (2)
—Re{ 7B }>6 (zeU), (1.3)
similarly, f € ¥.(5) if and only if, f is of the form (1.1) and satisfies
—Re {1 + Z;,”(S)} > 3 (ze€U). (1.4)

Note that
feXp) <= —zf € ¥'(B).

The classes defined by Pomerenke [10], Clunie [5] and studied by Aouf and
Silverman [3], Kaczmarski [7], Juneja and Reddy [6], Mogra [9] and others.

We define the class ¥, of functions of the form:

f(z) = é +) a2 (a, > 0), (1.5)

that are analytic and univalent in U*.

Reddy et al. [11] introduced and defined the class £(\, «, 5, k) of meromorphic
functions as follows:

Definition 1 [11]. A function f € ¥, is said to be in the class 3(\, o, §, k) if

e {15(()) w0 } =k 15(())

Whereogag)\<%,0§ﬁ<1,k20and

+1|(z € U), (1.6)

F(z)=(1-A+a)f(z) + (A —a)zf'(2) + Aaz®f"(2).

It is noted that
YN a, B k) =2\ o, B,k) N,
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Remark 1. (i) Putting A = o = 0, we have ¥,(0,0,5,k) = X*(8,k) and
A =1, = 0, we have 3,(1,0, 8, k) = X*(f, k), the classes of - uniformly
meromorphic functions were studied by Atshan and Kulkarni [4];

(ii) Putting A = a = k = 0, we have ¥,(0,0,5,0) = X*(8) (see Aouf and
Darwish [1], with ag = 1).

Motivated by Aouf and Darwish [1], Aouf and Joshi [2], Magesh et al. [§] and
others, we shall study the class ¥,(\, o, 3, k, ¢).

We begin by recalling the following lemma due to Reddy et al. [10].

Lemma 1 [11]. The necessary and sufficient condition for a function f € ¥,
to be in the class ¥,(\, a, 5, k) is given by

[e.e]

Z[(n + B)+k(n+1)][(n —1) (nAa+ X —a)+1]a, < (1 —8) (2Aa — 2\ +2a+ 1),
n=1

(1.7)
Where0§a§A<%,O§ﬁ<1,k20.
In view of (1.7), we can see that the function f(z) defined by (1.5) in the class
Y,(\, o, B, k) satisty the coeflicient inequality

(1—-05)2 a—2\+2a+1)

- 2k+pB8+1 (18)

a1

Hence we may take

(1-08) 2 xa—2 \+2a+1)c
2+ B +1

a) = ,0<e< 1 (1.9)

Making use of (1.9), we now introduce the following class of functions:
Let ¥,(A, o, B, k, ¢) denote the subclass of £,(\, a, 5, k) consisting of functions
of the form:

1 (1-8)2 -2 +2a+1)c
J@) =2+ 2%+ B+ 1

24+ ) a,z" (0<c<1). (110)
n=2

We note that:
¥,(0,0,5,0,¢) = 255,0(5) [1, with ag = 1].

In this paper we obtained coefficient inequalities for the class X,(\, a, 5, k, ¢),
we have obtained extreme points, growth and distortion bounds. Also we
have shown that this class is closed under arithmetic mean and convex linear
combinations. Further, the radii of meromorphic starlikeness is obtained for
the class X,(\, a, 8, k, c).
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Body Math

Body Math 2. Main Results

Theorem 1. Let the function f (z) defined by (1.10). Then f € X,(\, a, 5, k, ¢),
if and only if

D M+ 8) +k(n+D][(n—1) (nAa+ A - a) + a,

n=2
<(1—=B) 2 a—22+2a+1)(1—c). (2.1)
Proof. Putting

(1=0) 2 a =2 +2a+1)c
2k+B+1

a; = ,0<e<1, (2.2)

In (1.7) and simplifying we get the result.
Remark 1. Putting A = o = k = 0 in Theorem 1, we obtain the result
obtained by Aouf and Darwish [1, Theorem 1, with ay = 1].

Corollary 1. If the function f defined by (1.10) is in the class ¥,(X, «, 8, k, ¢),

then
(1-8)(2Aa—2A+2a+1)(1—c)
n = g B) rh(nt DI(n—1) (nrat A—a) 1]’ nz=2. (2.3)

The estimates are sharp for the function f(z) be given by

(1-8)(2Aa—2X+2a+1)c (1-8)(2Aa—2A+2a+1)(1—c) n
+ 2+ B+1 B B ey e o ey vy e e R L Z( 2. )
2.4

Next we prove the following growth and distortion properties for the class
E,(\ a, Bk, c).

f(z) =

n =

Theorem 2. If the function defined by (1.10) is in the class X,(\, a, 5, k, ¢),
then for 0 < |z| =r < 1, we have

1
(1-8)(2Aa—2A+2a+1)c (1-8)(2Aa—2A+2a+1)(1—c) 2
- 2kt A+l T T Bk+A+2)2hatr—a+]) < |f(z)|
1
(1-8)(2Aa—2X+2a+1)c (1-8)(2Aa—22+2a+1)(1—c) . 2
< - + 2kt A+1 t i @etr—atn | (2.5)

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

1 — o— (6% (& — o— (0% —C
£(2) (1-)2Aa—2+2at1)c, | (1-B)(2Aa—2\+2a+1)(1—)

2
=-+ 2kt A+1 Bh+A+2)2ratr—atl) ~© - (2.6)
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Proof. Since ¥,(\, o, 8, k, ¢), Theorem 1 yields

(1-08)(2 a —2A+2a+1)(1 —¢)

n < : > 2
=TT B +k(m+ D)[(n—1) (mha+Ar—a)+ 1] "
Thus for 0 < |z| =7 < 1, we have

1 (1-/8)2xa—-2X2+2a+1)c

< —
|f(Z)|_|Z|Jr 2%k + B+ 1 Z|+Zan|zl

1 (1-8)2 =2 A+2a+1)c

< —

=37 2%k + B+ 1 Pt o

n=2

1 1 0-p@ae-22atne, | (1-H@a-D42041)(1=0) 2
, 2kt A+1 Gk+B12)(2hatr—atl) |

and

1 00
|f(2)| > (1-B)(2Aa—22+2a+1)c |Z| B Zan ‘Z|n

|z| 2k+p0+1
n=2
1 1-— 2 a0 — 2X\ + 2
2__( ﬁ)( « +2a+1 7’—7" Zan
r 2k+ 5 +1
S 1 (1-B)@a-2+2a+le _ (1-B)2ha=2A+2a+1)(1-0) 2
= 2k+5+1 (Bk+8+2)2hatr—a+l) ' -

Thus the proof of Theorem 2 is completed.
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Theorem 3. If the function f (z) given by (1.10) is in the class X, (), a, 5, k, ¢),

then for 0 < |z| = r < 1, we have

r2 - 2k+B+1 T (Bk+B+2)2hatA—a+1)

1 (I=f)Ra=22+2a+1)e _ 2(1—p)(2ra—22+20+1)(1—¢) . |f’(z)\

1
(1-8)(2Aa—22+2a+1)c | 2(1—B)(2Aa—22A+2a+1)(1—c)
< ﬁ + 2k+B+1 + (3k+B+2)(2Aa+A—a+1) °

The result is sharp for the function f (z) is given by (2.6).

Proof. In view of Theorem 1, it follows that

na, < n(1—pB)(2Aa—2X+2a+1)(1—c)

> [t B) 1kt D] [(n—1)(nhatr—a)+1]’ n 2.

Thus, 0 < |z| = r < 1 and making use of (2.8) we have

—1

22

f'(2)] <

(1-58)2 a—2 \+2a+1)c et
2%+ B+ 1 Zna”|z|

(2.8)
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1 (1-08)2M—2 \+2a+1)c
< -
=eT 2k + B+ 1 Zna”
1
(1-8)(2Aa—2 +2a+1)c 2(1-B8)(2Aa—214+2a+1)(1—c)
< 2 + 2kt B+1 T TG @atr—ar)

and

-1 (1-8)R2 —-2X2+2a+1)c 1
/ n—
f(2)] = | %+ B+l Znan|z|
1 (1-8)2 =2\ +2a+1)c¢
2 == - n
— 2 2k+B+1 " Z e
> 1 gop@a-arzatne  20-)@ra-2)0t2011) (10
= 2 2+ At1 GktB+2)2ratr—atl)

Hence the result follows.
Next, we will show that the class ¥,(\, «, 8, k, ¢) is closed under convex
linear combination.

Theorem 4. If

I 1-08)R2x—2 \+2a+1)c

== 2.9
filz) =2+ 2k + B+ 1 = (2:9)
and
1

- (1-58)(2Aa—2X+2a+1)c )(2Aa—2A+2a+1)(1—c)
fn (Z) o ; T 2k+B+1 Zr Z [(’VH—,B +k n+1 Ni(n—1)(nAa+ — a)—l—l] <n 2 2)
(2.10)

Then f € ¥,(\, a, B, k,c) if and only if it expressed in the form
= it (2), (2.11)

n=1

where p, > 0 and Y7 p,, < 1.

Proof. From (2.9), (2.10) and (2.11), we get

1
(1-B)(2Aa—2X +2a+1)c (1-8)(2Aa—2 +2a+1)(1—c)pn n
f(z) = > -+ 2kt B11 +Z [(n+ﬂ)+k (ntD][(n—1) (mrat A l;)+1]z - (2.13)
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Since

(1-8)(2Aa—22+2a+1)(1—c)un [(n+8)+k(n+1)][(n—1)(nAa+A—a)+1]
[(n+8)+k(n+1D)][(n—1)(nAa+A—a)+1] (1-8)(2Aa—2X+2a+1)(1—c)
n=2

:Zﬂnzl_ﬂlgl’
n=2

it follows from Theorem 1 that the function f € X,(\, a, 5, k, ¢).
Conversely, suppose that f € ¥,(\, o, 8, k, ¢). Since

(1-08)(2 a -2\ +2a+1)(1 —¢)

" D k@t Dl - D(ma+i-a 1l "7
Setting
[+ 4k D] =D (ot A-0) 1]
fin = (1-8) (2 \a—2X+2a+1) (1 —c) o
and
we get -

FE) =) pnfa(2). (2.14)
n=1
This completes the proof of Theorem 4.

Theorem 5. The class £,(\, o, 8, k,¢) is closed under convex linear combi-
nation.

Proof. Suppose that each of the function f; (z) given by
— .
fi(2) = - +§;an,jz =12

is in the class X,(), o, 8, k, ¢). We need to prove that the function h (z) given
by
hiz)=pfi(z)+ (1 —p) fa(2) (0< <)

is also in the class X,(\, o, 5, k, ¢). Since

1 o0
hz)= = n 1— nal2".
() =5+ Llans + (1= p)anslz
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Consider
DI+ B) +k(n+D[(n—1) (nAa+ A=)+ 1[uans + (1= p) an]
= [ [(n+B)+km+1)][(n—1) (nAa+ X —a) + 1a,,
+(1 =)D [(n+B) + k(n+1))[(n—1) (nha+ A — @) + ay o]
< n(1=B)(2ha—22+2a+1)+ (1 —p) (1—B) (2Aa — 22 + 20+ 1)
< (1=08)2 =22+ 20 +1).

Thus from Theorem 1, h (z) € £,(X, a, 5, k, ¢). Hence the class £,(\, o, 8, k, ¢)
is closed under linear combination.

Now we determine the radii of meromorphically starlikeness and convexity of
order ¢ for function in the class ¥,(A\, o, 8, k, ¢).

Theorem 6. Let the function f (2) defined by (1.10) be in the class ¥, (), «, 8, k, ¢),
then f is meromorphically starlike of order 6 (0 < ¢ < 1) in 0j|z| < r(A\, o, B, k, ¢, ),
where r1(A\, a, B, k, ¢, 9), is the largest value for which

(3=0)(2Aa—2X+2a+1)c 2 (n+2—-0)(1-8)(2Aa—2X+2a+1)(1—c) n+1
2kt B+1 LA O e ) o orp ey ey s A (1=0)(n=2).

The result is sharp for the function f (z) is given by (2.4).

Proof. Suppose f € £,(\, «, 8, k, ¢), it is sufficient to show that
2f' (2)
f(z)

Replacing f (z) and zf’ (z) with their equivalent series expansions in the left
hand side of (2.15), we get

<1-4, (for 0 <5< 1,0 < |z] <ri(\a, B,k c0)). (2.15)

i

1 0 1 S
(2Aa—2X4+2a+1)c (2Aa—22+2a+1)c
Zf’(Z) —;+Wz+ Z_%nanz”—l—;—l—wz—l— X_:ZCLnZn
1+ — n= n=
’ f (2) 1 (2Aa—2X+2a+1)c

; + TS e— + n;g Ap 2™
(2.16)
Hence (2.16) holds true if
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220 a =22 +2a+1)c ,
1 nTL+1
S B r —i—E (n+1)a,r

(2 a =22+ 2a+1)c , 1
< 1-9)|1- — At

or,

(3—=19) (2 a—2\+2a+ 1)
2% + B+ 1

2y Z(n +2 = 0)a,r"™ < (1-96),

n=2
For each fixed r we choose the positive integer ng = ng (r) for which

(n+2—9) .
[(n+8)+k(n+Dl(n—1) (RAa+A—a)+1] "

is maximal. Then it follows that

n+1 (no+2—08)(1—B)(2Aa—2A+2a+1)(1—c) no+1
D (2 = G)anr < e et A

n=2

Then f is meromorphically starlike in 0 < |z| < r1(\, o, 8, k,¢,0) of order 0
provided that

(3—6)(2Aa—2X42a+1)c 2 (no+2—96)(1-B)(2Aa—2X4+2a+1)(1—c) | no+1 .
2k+B+1 r +[(noiﬁ)+k(no+1)][(nofl)(nQ/\aJr)\fa)Jrl]T < (1-0). (2.17)

We find the value g = ro(\, «, 5,k,c,0) and the corresponding integer
ng (rg) so that

(3=0) (2 a—2X+2a+1)c 2 (no+2—0)(1—8)(2Aa—2X+2a+1)(1—c) no+1 __ _
21541 70+ et Th(mo T DllinoD{mra -y 0 = (1=0). (2.18)

Then this value rq is the radius of meromorphically starlikeness for functions
f(z) belonging to the class ¥,(\, «, 8, k, ¢). This completes the proof of Theo-
rem 6.
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