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Abstract

In the present paper we are introducing two new subclasses
Toauns® a B,0) and Cp, p 0 s(p, @ B,0) of multivalent starlike functions in
the open unit disk defined by using certain fractional calculus operator. We obtain
coefficient inequalities and distortion properties for functions belonging to the
above subclasses. The radii of convexity and starlikeness for functions belonging
to these subclasses are also determined.

Keywords: multivalent (or p-valent) functions, starlike functions, convex
functions, fractional derivative operator.

1- Introduction and Definitions
Let A(p) denote the class of functions defined by

f(2) =2 + Z Gpn 2P (p € N). (1.1)
n=1

which are analytic and multivalent (or p-valent) in the open unit disk U =
{z:]z| < 1}. A function f(z) € A(p) is called p-valent starlike of order « if f(z)
satisfies the conditions

Re {Z]{(S)} > a(1.2)
and
7[ Re {Z;é?}de = 2pm (1.3)
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for0 <a <p, p €N, and z € U. We denote by S*(p, @) the class of all p-valent
starlike functions of order a. Also a function f(z) € A(p) is called p-valent
convex of order a if f(z) satisfies the following conditions

zf"(2)
f'(2)

Re {1 + } > a(1.4)

and

Of Re{l + Z;(S)} do = 2pm (1.5)

for0 < a <p, p€N,and z € U. We denote by K(p, a) the class of all p-valent
convex functions of order @. We note that

€ S*(p,a)(1.6)

f@) ekpa) oL ;(Z)

for0 <a <p.

The class S*(p, @) was introduced by Patil and Thakare [7], and the class K (p, a)
was introduced by Owa [6]. In particular, the classes S*(1,a) = S*(a) and
K(1,a) = K(a) when p = 1 were studied by Silverman [8].

Let T (p) denote the subclass of A(p) consisting of functions of the form

f(z) =2zP - Z Apin zp+”(ap+n >0,p€ N). 1.7)
n=1

We denote by T*(p, @) and C(p, @), the classes obtained by taking intersections,
respectively, of the classes S*(p, @) and K (p, @) with the class T(p) , that is,

T*(p,a) = S*(p,a) NT(p),

and

C(p,a) = K(p,a) N T(p).

The classes T*(p, @) and C(p, @) were introduced by Owa [6]. In particular, the
classes T*(1,a) =T*(a) and C(1,a) = C(@) when p =1 were studied by
Silverman [8].

Let ,F,(a,b; c; z)be the Gauss hypergeometric function defined for z €
Uby, (see Srivastava and Karlsson [9])

S @n (),

JFi(a,b; ¢c; z) = Ol

n=0
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where (1), is the Pochhammer symbole defined, in terms of the Gamma function,
by

F(/1+n)_{1, n=0,

D= SU@+1D@A+2)..(l+n—1), neN.

for 1#+0,—-1,-2,....

We recall the following definitions of fractional derivative operators which
were used by Owa [5], (see also [10]) as follows:

Definition 1.1. The fractional derivative operator of order A is defined by

DA (@) = i [ L)

ma Omdf, 0<A<1 (1.8)

where f(z) is analytic function in a simply-connected region of the z-plane
containing the origin, and the multiplicity of (z — &)™ is removed by requiring
log(z — &) to be real when z — & > 0.

Definition 1.2. Let 0 < A < 1, andy,n € R.Then, in terms of the familiar Gauss’s

hypergeometric function ,F; , the generalized fractional derivative operator

Aun -
0z 18

d z*

]A,u.nf(z)__ —_#jz(z—f)_lf(f) F( —A1—-n1-211
0z ~dz\r(1 -1 J, AT

e

(1.9)
where f(z) is analytic function in a simply- connected region of the z-plane
containing the origin, with the order f(z) = 0(|z|%), z - 0, where € >max{0, u —
n} — 1 and the multiplicity of (z — &)~ is removed requiring log(z — &) to be
real whenz — & > 0.

Notice that

JAME(Z) = DAf(2),  0<A<1 (1.10)

The fractional derivative operator M(i 1P £(z) which maps A(p) into itself
was studied by Amsheri and Zharkova [1], (see also [3], [13])defined by

Fp+1-wWIp+1-21+n)
Tp+DI(p+1—pu+n)

Aum, A,
My P f(2) = ZH 4 f (2)
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=24 ) YD) (L1T)

n=1
for f(z) EA(p)and A >0; u<p+1; n >max(Au) —p—1;p € N, where

P+ (p+1—pu+n),
P+1-wWap+1-21+1n), "

Yl p) = (n € N) (1.12)

Corresponding to the operator MA” P defined in (1.11), Zayed et al. [13]

introduced the operatorNg;A’” NP () A(p) = A(p), for m € N, = N U {0} and
6 = 0 defined by:

Noz ™2 f (2) = Myt ™™ £ (2)

1,/1,#;77'5'17]!‘( )_ Al”] Spf(z)
= (A=W () + 57 (M2 1))

p+6n
=zP + Z ( p ))’n(/l; wn, p)ap+nzp+n
n=1

and (in general),

A.#J?,S,pf( ) /’l u 1,6,p (Nm—l,/‘l,u,n,&pf(z))

0,z
> p+ om\™
=zp+2(” ) mAwn PP (113)
n=1

Motivated essentially by aforementioned works, we introduce two new
subclasses T2 uns®@ @ B,0) and  Cpauns(p a B,0)of analytic and
multivalent starlike functions f(z) belonging to the class T'(p) involving certain
fractional derivative operator as follows:

Definition 1.3.The function f(z) € T(p) is said to be in the class
T;L,A,u,nﬁ (p' a, ﬁ, G) if

z(N0 VA5 f(z))
9@ _P

Z(NZHOP () )
9(2)

meNp A=20u<p+L,n>max(Lu)—p—10<a<p;0<B<p0<
oc<1;,6>0;p€eN)

<o (zelw (1.14)

+p—2p
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For the function

9(z) = zP — Z bp+nzP™ (byin = 0,p € N) (1.15)
n=1

belonging to the class T*(p, @). Denoted by N&n Au.8p f(z) the extension of the

Z

fractional  derivative operator ~which is defined for f(z) € T(p)

byNo, P f(z) =
p + én\™
2 =) (F57) @b p)ayne (@ 2 0) (116)

n=1

Further, if f(z) € T(p) satisfies the condition (1.14) for g(z) € C(p, a), we
say that f(z) € Cppuns(p @, B, 0).
The above-defined classes Tp, 3 ,55® @ B,0) and Cp 3 ,55(p, @, B,0)are of
special interest and they contain many well-known classes of analytic functions.
In particular, for m = 0, we have

T(;k’/l'uln,(s (p! a, Br O-) = T)ty,n (p, a, ﬁ; O-)
and
CO,).,M,T],6( pr ar ﬁl 0—) = C/LH,T)( pr a; ﬁ) 0—)

where Ty, (p,a,B,0) and Gy ,,(p,a, B,0) are precisely the subclasses of p-
valent starlike functions which were studied by Amsheri and Zharkova[1].
Furthermore, for A = u = § = 0, we have

T;l,O,O,n,O (pl a, ﬁ' O') = T* (pr a, ﬂ! O-)
and
Cm,O,O,T],O( p' Q, ﬁ' O-) = C(p' Q, :8' O-)

where T*(p,a,[,0) and C(p,a,B,0) are precisely the subclasses of p-valent
starlike functions which were studied by Aouf and Hossen [2]. Thus, for A = u =
6 =0and p =1, we have

T;l,o,o,n,o(l» a, ,8' U) = T*(a' .8' 0)

and

Cm,O,O,n,O(lﬂ a, ﬁf O-) = C(a! ﬁ’ O-)

where T*(a, 8,0) and C(a, B, 0) are the subclasses of starlike functions which
were studied by Srivastava and Owa [11], [12].
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In this paper, sharp results concerning coefficients, distortion theorems and
radii of convexity and starlikeness for functions belonging to the classes
T, Auns® @ B,0) and Gy Auns(D,a, B,0) are determined.

In order to prove our results we shall need the following lemmas for the
classes T*(p, @) and Cp, @) due to Owa [6].

Lemma 1.4. Let the function g(z) defined by (1.15). Then g(z) is in the class
T*(p, ) if and only if

Z(p+n—a)bp+n <(p-a (1.17)

Lemma 1.5. Let the function g(z) defined by (1.15). Then g(z) is in the class
C(p, a) if and only if

D @+ + 1= Dbyen < - ) (118)
n=1

2- Coefficient Inequalities
Theorem 2.1. Let the function f(z) be defined by (1.7). If f(z) belongs to the
class T, Aun,d (p,a, B, 0), then

(» —)[p(1 —0) + 20p]
p+n—a)

i (p ;&l)m Yo w0, p)(p + (A + apn —

n=1

<20(p-p) (2.1)
wherey,, (4, 4,1, p) is given by (1.12).

Proof. Since (z) € Ty, 3 10 s(P, @, B,0) , there exist a function g(z) belonging to
the class T*(p, @) such that

(N7 £(2)) - pg(2)
ANTHP£()) + (0~ 28)g(2)

It follows from (2.2) that

<o z€U (2.2)

o + on\™
S| (B52) @i 0@ + m)tpin = Phyon| 2"

p
20 - B - T (52

Re

) YA uwnp)p+n)a,, + (- Zﬁ)bp+n] z"

<o (2.3)
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A7 o)

9(2)

Choosing values of z on the real axis so that is real, and letting

z — 17 through real axis, we have

i [(p i 5n> YL uw,n,p)(p +n)apin — pbp+nl

n=1

[0 6 m
< 0{2(19 - p) — Z l(p ; n) YA wn,p)@P +n)ay, + (p — Z.B)bp+nl}
n=1

or, equivalently,

- &n
Z {(p i ) YA wn,p)p+n)A + 0)ay,-[p(1—0) + 203]bp+n}

<s20p-pB) (24

Note that, by using Lemma 1.4, g(2) € T*(p, @) implies

p—a

ptn—a (25)

bypin <

Making use of (2.5) in (2.4), we complete the proof of Theorem 2.1.

Corollary 2.2. Let the function f(z) be defined by (1.7) in the class
T uns® @ B,0). Then

20p=Bp+n—-—a)+ (p-a)lp(1 —0a) + 20p]

YA uwnp)@+n)(A+0)(p+n—a) (p 4;)511)

(2.6)

where y,, (4, 4, n, p)is given by (1.12).The result (2.6) is sharp for a function of the
form:

_200=Bptn—a)+ @ -o)pA-0) +20f] ,,,

f2) =27 - o))" o7
YA wn,p)p+n)(A+0)(p+n-a) (p 41;9671)
with respect to
_ _ & +n
g(z) = zP p+n—azp (n21) =

Remark 1.
By specializing the parameters p, A, u, @, 6 and m we obtain the following
results which were studied by various other authors:
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1- Letting p=1,A=pu =3 =0,and @ = 0 in corollary 2.2, we obtain a result
was proved by [Gupta [4], Theorem 3].

2- Letting A = u = § = 0in Theorem 2.1 and Corollary 2.2 respectively, we
obtain results were proved by [ Aouf and Hossen [2], in Theorem 1 and
Corollary 2].

3- Letting m = 0 in Theorem 2.1 and Corollary 2.2 respectively, we obtain
results were proved by [ Amsheri and Zharkova [1], in Theorem 3.1 and
Corollary 3.2].

In a similar manner, Lemmal.5 can be used to prove the following Theorem:

Theorem 2.3. Let the function f(z) be defined by (1.7). If f(z) belongs to the
class C3 n.5(p, @, B,0). Then

p(p — a)[p(1 — o) + 20p]
pP+n)(p+n-—a)

p + on\™
(=) n@unpe+m(+o)ay, -

NgE

1

S
I

<s20p-B) (29

wherey,, (4, i, n, p)is given by(1.12).
Corollary 2.4. Let the function f(z) be defined by (1.7) in the class
Crums( D@, B, ). Then

200 =B)p+n)p+n—a)+plp—-a)p - o) + 20p]

Va0, p)(p +n)2(1+0)(p +n—a) (P ;571)

Qpin < (2.10)

where y,, (4, i, n, p)is given by (1.12). The result (2.10) is sharp for a function of
the form:

20p=B)p+n)p+n—a)+plp—-a)p(-o) + 20p] .

YA un,p)p+n)2(1+0)(p+n—a) (p 4;9511)

f(z) =2z

(2.11)
with respect to

p(p —a) .
p+n)pp+n—a)

g(z) = zP — m=>1) (2.12)

3- Distortion properties
Next, we state and prove results concerning distortion properties of f(z)
belonging to the classes Ty, 3 0 s (0, @, B, 0) and Cr 3 1y s(P, @, B,0).

Theorem 3.1. let 4, 4, n € R,such that

(310)
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Azo,u<p+1,n2/1(1—%),820,mel\10andpeN (3.1)

Also, let f(2) defined by (1.7) be in the class Ty, 3 . s (P, @, B, 0). Then

If@)| = 12|P = App e, a, B, 0)|zIP*, (3.2)

D] < 12IP + A s, a, B, 0)|z[PHE, (3.3)

If' @] = plzlP™ = (0 + DAmapys® a B, 0)zIP, (3.4)
and

If' @I < plzIP™ + (0 + DAmauns@ @ B,0)zIP, (3.5)

forz € U, provided that 0 < a <p,0 < f <p,and 0 < ¢ < 1, where
Amaruns® a,B,0) =
1+p-—wWA+p+n—D2o(p—-p)+plp—a)(1+0)]
A+p+n-wp+ D +0)p+1-a) (E52)"

(3.6)

The estimates for|f(z)| and |f'(z)| are sharp.

Proof. We observe that the function y, (4, 1,1, p) defined by (1.12) satisfy the
inequalityy, (4, i1, 1, 0) < Vne1(L u,n,p), VR EN, provided that n=
A (1 - pT”) Thereby, showing that y,,(4, i, n, p) is non-decreasing. Thus under

the conditions stated in (3.1), we have

A+p)A+p+n—pw
O< = (A; 2y D )S (){ﬂ 1 )vn
Qtp-pUtptn—0 vihuwnp) <vnAunp

eEN (37)

For f(z) € Tpauns@® @ B,0), (2.4) implies
p+8\" c c
(557) unp@+ DA +0) ) apen = [p(1=0) + 2081 Y byer
n=1 n=1

< 20(p - B)(3.8)

For g(z) € T*(p, @), Lamma 1.4 yields
(3.9)

So that (3.8) reduces to

(311)
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i“ _A+p-wA+p+n-D20(p-p) +pP-a)1+0)]
p+n =

= (1+p+n—#)(p+1)2(1+a)(p+1—a)(p)+5)m

= Amauns® @ B,0) (3.10)

Consequently,

o0}

@12 12P =127 @en (31D

n=1

and

o)

IS 1P + 12177 ) @y (312)

n=1

By using (3.11), (3.12) and (3.10), we easily arrive at the desired results (3.2) and
(3.3).
Furthermore, we note from (2.4) that

p+6&6\" = -
G;ﬂ h%mmMG+®gkﬂmmmn—mn—®+wm2¥mn

< 20(p — B)(3.13)

which in view of (3.9), becomes

N L+p—WA+p+1-D20(p - ) +pp—a)1+0)]
Z(p +n)ayn < N
= A+p+n-0@+D0+0@+1-a) (B2)

= (p + 1)Am,/1,u,n,8(p: a, ﬁ' 0) (3-14‘)

Thus, we have

P2 plalP~ = 1217 Y (0 + mayn (315)
n=1

and

PGS plzlP™ +121P Y (0 + Mg (3:16)
n=1

On using (3.15),(3.16) and (3.14), we arrive at the desired results (3.4) and (3.5).

(312)
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Finally, we can prove that the estimates for|f(z)| and |f'(z)| are sharp by
taking the function

_(1+p—uX1+p+n—ﬂﬂhﬂp—ﬁ)+mr—axl+aﬂzm1

f(z) =zP S\
(U p+n -0+ 120+ +1-a) (E52)
(3.17)
with respect to
g(z) = zP — %Z”“ (3.18)

This completes the proof of Theorem 3.1.

Corollary 3.2.Let the function f(z) be defined by (1.7) in the
classTy, 4 yuns (@, @ B,0).Then the unit disk U is mapped onto a domain that

contains the disk |w| < r;, where

A+p-w@A+p+n—D[2c(p—-p) +p(p—a)(1 + )]

p+46

A+p+n-0@+ D20+ +1-a) (E22)

= 1-— (319)

The result is sharp with the extremal function defined by (3.17).

Remark 2.

By specializing the parameters p, A, u, @, and m we obtain the following

results which were studied by various other authors:

1- Lettingp =1, A=pu =34 =0,and @ = 0 in Theorem 3.1, we obtain a
result was proved by [Gupta [4], Theorem4].

2- Letting A = u = § = 0in Theorem 3.1 and Corollary 3.2 respectively, we
obtain results were proved by [ Aouf and Hossen [2], in Theorem 3 and
Corollary 3].

3- Letting m = 0 in Theorem 3.1 and Corollary 3.2 respectively,we obtain
results were proved by [ Amsheri and Zharkova [1], in Theorem 4.1 and
Corollary 4.2].

Theorem 3.3. Under the conditions stated in (3.1), let the function f(z) defined
by (1.7) be in the class Cy ;, 5 5( P, @, B, 0), then

|f(Z)| 2 |Z|p - Bm,)[,u,n,&(p; a' ﬁ' O-)|Z|p+1l (320)
If(Z)l S |Z|p + Bm,l,u,n,S(p; arﬂr 0)|Z|p+11 (321)

|f,(Z)| 2 plzlp_l - (p + 1)Bm,/1,u,n,é‘(p; a, ﬁl U)lle, (322)

(313)
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and

If'@| < plzIP™ + (p + DBmauns® a B, o)lzI?, (3.23)

forz € U, provided that 0 < a <p,0 < f <p,and 0 < 0 < 1, where

Bm,l,u,n,&(p: alﬁl 0-) = (1 + p - .u)(]- + p + n - A)

20p=Bp+1Dp+1-a)+plp—a)p(l —o)+ 20p]

(1 +p+n-wp+ 10 +0)p+1-a)(2E)"

(3.24)

The estimates for|f(z)| and |f'(z)| are sharp.

Proof. By using Lemma 1.5, we have

Z byn < PP~ (3.25)
n=1

P+DP+1-a)

Since g(z) € C(p, @), the assertions (3.20), (3.21), (3.22) and (3.23) of theorem
3.3 follow if we apply (3.25) to (2.4)
The estimates for|f(z)| and |f'(z)| are attained by the function

f@=2-A+p-wA+p+n—21)

200 =B+ V@ +1-a)+pp - a)pA —0) +208] ) .,
A+p+1-wp+ DU+ +1-a)(252)

(3.26)

with respect to

p(p — @) o+
p+D@P+1-a)

g(z) = zP — (3.27)

This completes the proof of Theorem 3.3.

Corollary 3.4.Let the function f(z) be defined by (1.7) be in the
classCy yns( D0, @, B,0). Then the unit disk U is mapped onto a domain that
contains the disk |w| < r,, where

rn=1-A+p—-wWA+p+n-21)

(314)
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20p -+ D@P+1-a)+pp—a)|p(l—o0)+20p]

p+S5\"
tp+n-0@+ DA+ +1-a) (52)
The result is sharp with the extremal function defined by (3.26).
4- Radii of convexity and starlikeness
In view of lemmal.4, we know that the function f(z) defined by (1.7) is p-
valent starlike in the unit disk U if and only if

(3.28)

D @ +mapn <p (4.1)
n=1

for f(2) € Ty 4 ums(P @, B,0), we find from (2.4) and (3.9)
Z(p +1)apin < (P + DAnauns®@ a B,0) <p (4.2)
n=1

whereAp, 3 un.s(®, @, B, 0) is defined by (3.6).

Furthermore, for f(z) € Cpy 3 5.5( P, @, B,0), we have

Z(p +1n)apin <@+ 1) Bpauns(pa,f,0) <p (4.3)
n=1

where By 3 uns(D @, ,0) is defined by (3.24). Thus we observe that
Tmauns® @ B,0) and Cp 3,5 5(p @ B,0) are subclasses of p- valent starlike
functions. Naturally, therefore, we are interested in finding the radii of convexity
and starlikeness for functions inTy, 5, » s(P, @, B,0) and Cp3,7,6( D, @, B,0).We
first state:

Theorem 4.1. Let the function f(z) defined by (1.7) be in the class

T uns® @ B,0).Then f(z) is p-valent convex in the disk |z| < 73, where

. o
L 4.4
13 NiyeN {(p + 1) (p + n)Am,/’Lu,n,(S (p; a, ,8; U)} ( )

and Ay, 3,05 @, B,0) is given by (3.6). The result is sharp
proof. It suffices to prove

zf"(2)
f'(2)

‘1+ —P‘ =p (Iz] <73) (4.5)

(315)
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Indeed we have
2" p‘ _ |- T n@ + m)aynz”
f'(2) P—2n=1(p + n)ap+nzn

i

Z;?:l n(p + n)ap+n|Z|n

= P2 Myl ()
Hence (4.5) is true if
Z n(p + M apialzl™ < p? - Z p(p +napnlz”  (4.7)
n=1 n=1
That is, if
Z(p + n)%a, a2z < p? (4.8)
n=1
With the aid of (3.14),(4.8) is true if
p2
N Y N N ) (*+9)
Solving (4.9) for |z|, we get
p2 Yn
ol = {(p TDG D Amis 00,5 a)} rzh 610

Finally, since (p + n)_l/ n is an increasing function for integersn > 1, p € N, we
have (4.5) for |z| < r3, where 73 is given by (4.4).

In order to complete the proof of Theorem 4.1, we note that the result is sharp for
the function f(z) € Ty, /‘l,u,n,a(pJ a, B, o) of the form:

(P + 1)Am,1,,u,n,6 (p: a, B: O') P+

f(z) =2zP - )

(4.11)

for some integers n > 1.
Similarly we can prove the next theorem.

Theorem 4.2. Let the function f(z) defined by (1.7) be in the class
Crmapun,s( D, a, B,0).Then f(z) is p-valent convex in the disk |z| <, where

. Y
. 4.12
4 NIy en {(p + 1)(p + n) Bm,/l,u,n,é‘( D «, ﬁ; 0-)} ( )
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and B 3un5(P,a,B,0) is given by (3.24). The result is sharp for the function
f(2) € Cpppuns(p,a,B, o) of the form:

(p + 1) Bm,/l,u,n,&( p: a, ,BI 0-) Zp+n
(p+n)

f(z) = zP — (4.13)

for some integers n > 1.

Remark 3.

By specializing the parameters 4, u,§ and m we obtain the following results

which were studied by other authors:

1- Letting A = u = § = 0in Theorem 4.1 and Theorem 4.2 respectively, we
obtain results were proved by [Aouf and Hossen [2], in Theorem 5 and
Theorem 6].

2- Letting m = 0 in Theorem 4.1 and Theorem 4.2 respectively, we obtain
results were proved by [ Amsheri and Zharkova [1], in Theorem 6.1 and
Theorem 6.2].

Theorem 4.3. Let the function f(z) defined by (1.7) be in the class
Toauns(® a B,0). Then f(z) is p-valent starlike in the disk |z| < 75, where

m
. Yn
= inf, 4.14
rs n nen {(p + 1)Am,l,u,17,6 (pr a! ﬁl J)} ( )

and Ay p,uns®, a B,0) is given by (3.6). The result is sharp with the extermal
function f(z) given by (4.11).

proof. It suffices to prove

79 p‘ <p  Qzd<n) (4.15)
Indeed we have

zf'(z) _ ‘ _ | — Yin=1NApnZ"

f(2) =X apinz®

Yne1Napinlz|™

< P 4.16
1- Zn=1 ap+n|Z|n ( )
Hence (4.15) is true if
Znap+n|2|n <p _Zpap+nlzln (4.17)
n=1 n=1

That is, if
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c +n
z (P > )ap+n|Z|” <1 (4.18)
n=1

With the aid of (3.14),(4.18) is true if

1

1
—|z|" <
p (p + 1)Am,ﬂ,u,n,6 (p: ar ﬁl 0)

(4.19)

Solving (4.19) for |z|, we getthe desired result (4.14).

Similarly we can prove the next theorem.

Theorem 4.4. Let the function f(z) defined by (1.7) be in the class
Cmauns (P, a, B,0).Then f(z) is p-valent starlike in the disk |z| < 75, where

p Yn
= inf, 4.20
r6 n nen {(p + 1) Bm,ﬂ,y,n,S( pr ar ﬁl 0)} ( )

and By, 3 un,s( D, @, B, 0) is given by (3.24). The result is sharp with the extermal
function f (z) given by (4.13).

1-

References

S. M. Amsheri and V. Zharkova, Subclasses of p-valent starlike functions
defined by using certain fractional derivative operator, Int. J. Math. Sci. Edu.
4(1)(2011), 17-32.

M. K. Aouf, H. M. Hossen, Certain subclasses of p-valent starlike functions,
Proc. Pakistan Acad. Sci. 43(2)(2006), 99-104.

M. K. Aouf, A. O. Mostafa, and H. M. Zayed, Some characterizations of
integral operators associated with certain classes of p-valent functions defined
by the Srivastava—Saigo—Owa fractional differintegral operator, Complex
Anal. Oper. Theory 10(2016), 1267—-1275

V. P. Gupta, Convex class of starlike function, Yokohama Math. J. 32 (1984),
55-59.

S. Owa, On the distortion theorems-1, Kyungpook. Math. J. 18(1978), 53-59.
S, Owa, On certain classes of p-valent functions with negative coefficients,
Bull. Belg. Math. Soc. Simon stevin, 59 (1985), 385-402.

D. A. Partil, N. K. Thakare, On convex hulls and extreme points of p-valent
starlike and convex classes with applications, Bull. Math. Soc. Sci. Math. R.
S. Roumanie (N. S.), 27 (1983) 145-160.

H. Silverman, Univalent functions with negative coefficients, Proc. Amer.
Math. Soc. 51, (1975), 109-116.

H. M. Srivastava and P.M. Karlsson, Multiple Gaussian hypergeometric
series, Halsted Press (Ellis Horwood Limited, Chichester), Wiley, New York/
Chichester/ Brishane/ Toronto, 1985.

(318)



ISSUE St |
' darduhbillg duludlll aglell 4194 N\

N7

June 2021 2021 .35

10- H. M. Srivastava and S. Owa, (Eds), Univalent functions, fractional calculus,
and their applications, Halsted Press/Ellis Horwood Limited/John Wiley and
Sons, New York/Chichester/Brisbane/Toronto, 1989.

11-H. M. Srivastava, S. Owa, Certain subclasses of starlike function - I, J. Math.
Anal. Appl. 161(1991a), 405-415

12- H. M. Srivastava, S. Owa, Certain subclasses of starlike function - II, J. Math.
Anal. Appl. 161(1991Db), 416-425

13-H. M. Zayed, A. Mohammadein, and M. K. Aouf, Sandwich results of p-
valent functions defined by a generalized fractional derivative operator with
application to vortex motion, Rev . R. Acad. Cienc. Exactas Fis. Nat. Ser. A
Math. RACSAM (2018). https://doi.org/10.1007/s13398-018-0559-z.

(319)


https://doi.org/10.1007/s13398-018-0559-z

