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SOME SUBCLASSES OF CLOSE-TO-CONVEX FUNCTION
BOUNDED IN A VERTICAL DOMAIN AND DEFINED USING A
DIFFERENTIAL OPERATOR

KADHAVOOR R. KARTHIKEYAN, GANGADHARAN MURUGUSUNDARAMOORTHY,
DHARMARAJ MOHANKUMAR

ABSTRACT. A new family of close-to-convex function associated with verti-
cal domain involving a differential operator has been introduced and studied.
The differential operator that has been used here is the most generalized as it
uses the so-called generalized M-series, which unifies the generalized Gaussian
hypergeometric function and Mittag-Leffler function. We derive the initial co-
efficient estimates a2 , az and Fekete-Szegd inequality for the defined function
class. Further by appropriate choice of parameters, we provided some new and
well known results of our main result.

1. INTRODUCTION AND DEFINITION

LetDenote by A the class of functions having a Taylor series expansion of the
form

f(z)zz—i—Zanz", (zeU={z:|z| <1}). (1.1)
n=2

We let S to denote the class of functions in A4 which are univalent in U. let P
denote the class of functions of the form p(z) = 1 + p1z + p22? + p32® + - -+ that
are analytic in U and such that Re(p(z)) > 0 for all z in U. Also, we let §*, C
and K to denote the well known classes of starlike, convex and close-to-convex
(normalized) function respectively. For 0 < a < 1, §*(a) and C(«) symbolize the
classes of starlike functions of order o and convex functions of order « respectively.
Gao and Zhou [7] introduced and studied a class of analytic functions satisfying
the condition 2f1(2)
z2f'(z .

e(g(z)g(z)) <0, (2€U;geS*(1/2), (1.2)
where S§*(1/2) denotes the class of starlike functions of order 1/2. The class of
functions satisfying the above condition will be denoted as Ks. Since G(z) =
g(2)g(—z)/z is starlike if g € S*(1/2), the class s would belong to the family of
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close-to-convex functions. Hence functions in K¢ are univalent in U. Using the
principle of subordination, Wang, Gao and Yuan [27] (also see [5, 28]) extended the
class KCs to ICs(¥) by replacing the condition (1.2) with the following condition
21(2)
2TV w(), (2eU ges(1/2). 1.3
LEL <), (1/2) (13)
The class was further generalized and studied by various authors (see [3, 4, 11, 12]).

1.1. Differential Operators Using Generalized M-Series. Mittag-Leffler func-
tion appears naturally in the kernel of the fractional derivative operators. Indeed,
most the derivatives which is applied to the natural phenomena involves the Mittag-
Leffler function. Whereas the generalized Gaussian hypergeometric function which
is a solution of the differential equations, has been an important tool in both the-
oretical analysis and practical applications. The classical Mittag-Leffler function
and its extension are as follows:

B =L G B0 = L ey

n=0
and
e n
Eu, 3 —_ (V)naz .
nol?) 7;) I'(nn+0)n!

where z, 1, 0, v, ¢ € C,Re(n) >0, Re(e) >0, z € Il = {2z :] z|< 1}, C denotes the
sets of complex numbers and (z),, denotes the Pochhammer symbol defined by

() ~Iz+n) 1 ifn=0
" T(@) zz4+D(E+2) ... (z+n—1) ifneN.

The classical Mittag-Leffler function E,(z) was introduced by Gosta Mittag-Leffler
[18] and it generalization E, ¢(z) by Wiman [29]. Whereas, the extension E;g(z)
is called the Srivastava—Tomovski generalization of the Mittag-Leffler function see
[24, 26]. Note the function E;’ é (z) is popularly known as Prabhakar function or gen-
eralized Mittag-Leffler three-parameter function. For various reasons, Srivastava—
Tomovski generalization of the Mittag-Leffler function has been widely used in
study of subclasses in Univalent Function Theory.

The generalized M-series[21, Eq. 1] (also see [25]) defined to unify the stud-
ies pertaining to Mittag-Leffler function and Gaussian hypergeometric function, is
given by

Kr)n z"

os)n D(nn +0)’
(1.4)

z,m, 0 € C,Re(n) > 0 and (K;)n, (0;)n are the well-known Pochhammer symbol.

Further the primary condition for the existence of the series (1.4) is that the de-

nominator terms 0'3-8, (j = 1,2,...5s) are never zero or negative integer. Whereas

if any of the numerator terms /195, (j =1,2,...7) is zero or negative integer, then

the infinite series terminates to be polynomial in z.

Corresponding to a function G'?(k1, 01; €) defined by

M) = MP (R, Ko, ., 0 2) = (K1) (
(2) (K1 1 ) ;(01)n-.-(

g:“],,se(’%h 01; €) = gr(e) TMZfl(Klla ceesRp301, - 50-851; Z) ) (15)
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using the Hadamard product recently Karthikeyan et al. in [9], defined the following
operator DY (k1, o1; 1, 0)f +: A — Aby

Fes mn e ()t [+ (0= )A]mF(G)anZn
*Z (@Dt - ()1 (n— DT (n(n —1)+6)

wherer; e C(j=1,...,r);0, € C\Zy ={0,-1,..} (j=1,...,5); m& No; A >
0;m, 8 € C and Re(n) >0
(1) DV (k1, 01; 0, 8)f(2) = DY (k1, 01)f, where DY (k1, 01)f is the operator
introduced by Selvaraj and Karthikeyan et al. [20].
(2) DV (k1, 0150, 0; 1, 0)f(2) = HY(k1, 01)f, where H{*(k1, 01) f is the well-
known Dziok and Srivastava [6].
(3) Forr=2,s=1;k1 =01, ke =1, =0and A = 1 in (1.6), we get the
operator introduced by Salagean [19].

D3 (k1, o151, 0 (1.6)

1.2. Vertical Domain. Araci et al. in [1] defined the following function to study
the effect of the vertical domain on the conic region

_ 2 )
Ala, B; U(2)] =1 L Poa log [‘I’(z)(l >\2) + (1422
77
where W(z) = 1+ 3°% 412" € P and A is defined by

L(zeU) (17

1— —
)\exp<iﬁ_27r) =cosf +isinf, H:ﬁ_Zw € (0,m). (1.8)
In [1], authors established that Afo, 8; ¥ (2)] € P if ¥(2) € P.If we let ¥(z) = 12
(which is an extremal function in the class P) in (1.7), we will see Ala, 5; U(z)]
reducing to pq,s(z) which maps U onto a vertical domain and is of form

B—« 1— )%z
payg(z):lJrzﬂﬂ 10g< - ) (1.9)

Note that the function pa g(z) is a conformal mapping of U\ {1, A=} with
Pap(U) ={w e C: a < Re(w) < 5} =9Q

Refer to [4, 8, 10, 16, 17, 22], for information on geometric and analytic properties
of analytic functions associated with vertical domain.

1.3. Novelty, Motivation and Objectives: A very limited number of studies
on Geometric Function Theory involve analytic characterization that is motivated
by the class s. The main purpose of this study is to fill this gap. Also, we aim to
study the behavior when such a differential characterization is sandwiched inside
a vertical domain. That is the differential implication or superordinate term that
is used here is related to functions associated with the vertical domain which was
recently introduced by Araci et al. [1]. We present the geometrical impact that it
would create when an analytic characterization related to close-to-convex functions
is subordinated to a function that is associated with the vertical domain. Further to
generalize, extend and unify the existing results, we have defined the subclass using
the operator DY'(k1, o1; 1, 0)f. The differential operator DY*(k1, o1; 1, 0) f is so
much versatile that it includes very large number of existing differential operators
as its special cases. The other main result are the coefficient inequalities and the
Fekete-Szeg6 inequality, which would help us to understand the geometric and
algebraic properties.
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Motivated by the class Ks(¥) and studies [11, 12], we now define the following.
Definition 1.1. For Afa, 8; ¥(2)] defined as in (1.7), a function f € A is said to
be in E;‘:Zn(a,ﬁ; k1, o1; 1, 0; U) if and only if

t2°[DY (K1, o1 m, 0)f(2)]
(D3 (w1, o151, 0)g(2)][DX (w1, 015 m, B)g(12)]
when f € A; [t| < 1,t#0, DY (k1, o151, 0)g(2) € S* (3).

< A, B8; ¥(2)], (1.10)

Remark. Letting ¥(z) = }fz in (1.10), then the class E;;tm(a,ﬂ; K1, 01; 1, 0; 0)

reduces to E;‘j;n(a,ﬁ; K1, 01; 1, 0), the class of functions satisfying the condition
t 2 pDm . 2] /
a < Re{ — z [ A (Iila 0—1;77737 )f(Z)] }< /8
(D! (K1, 015 1, 0)g(2)][DY (K1, 015 1, O)g(t2)]

On further specializing the parameters m = 0 = n,r = 2,s = 1, k1 = 01 and
Ko =1 1n L';‘:to(oz,ﬁ; K1, 01; 1, 0), we get the L4 (o, B) which consist of functions

satisfying the condition
t2°f'(2) }
a<Red —F 7 < 0.
{ 9(2)g(tz)

2. COEFFICIENT ESTIMATES AND FEKETE-SZEGO INEQUALITY

To prove our results, we make use of the following Lemmas.
Lemma 2.1. [1] Let Ale, 8; ¥(2)] € P be conver univalent in U. If {(z) =1+

[e.e]
S Ux2* is analytic in U satisfy the subordination condition

k=1
— 2)(1 — \2 2
0z) < 1+zﬂ7T 1og[q’( )a AQH(HA )], 2.1)
then )
10| < wl(ﬁﬂ_ ) in (T(ﬂ _O(j‘))) , (k>1; 91 > 0). (2.2)

Lemma 2.2. [23] Let g(z) € S*(3) and 0 < |t| < 1, then W €S,

Using Lemma 2.2 and proceeding on lines similar to Theorem 2.3 of [23], we get
the following result.

Lemma 2.3. [23] Let DY'(k1, o1; 1, 0)g € S* (%), then
(DX (K1, 015 1, 0)g(2)][DY' (K1, 015 1, 0)g(t2)]

G(Z) tz
o0
= z+ chz" €S*, and |cn| <n, (2.3)
n=2
where
Cpn = [Mnbn + Mn—lMan—1b2t +---+ Mnbntn_l] )
and

(F)no1 - (Ke)no1 [L+ (n—1)A]"T(0)
(61)n-1 -+ (Os)n—1 (n—=DT(n(n —1) +6)

To start with we prove the following result :

M, =
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Theorem 2.4. If f(z) € E;:tm(a,ﬂ; K1, 01; 1, 0; W), then

gl [ (e

The above inequality is sharp.

Proof. Let f(z) € L';‘:tm(oz,ﬁ; K1, 01; 1, 0; U), then there exist a function p(z) € P
analytic U such that

z[DY (K1, 015 m, 0) f(2)]
G(2)
where Ala, 8; ¥(z)] is defined by the equation (1.7). Clearly Ale, 5; ¥(z)] is ana-

lytic and maps U on to a convex domain provided ¥ is convex in U. From (2.5),
we have

p(z) = < Ao, B; W(2)], (2.5)

2 [DY (K1, o151, 0)f(2)]
G(2)

Using Lemma 2.1 and Lemma 2.3 in (2.6), we get

=p(2), (p(z)€P). (2.6)

z+ i nMpanz" = (1 + ip,ﬂ”) <z + i cnz"> . (2.7)
n=1 n=2

n=2
Equating the coefficients of 2™ in (2.7), we have
nMyan = cp +p1cp-1 +pPacn-—2+ - +pu-1. (2.8)

Therefore using (2.2) and Lemma 2.3 , we get
vi(B—a) (77(1 - 04))]
nMpan| <n|l+ sin . 2.9
M) <o+ 2 (B—a) (2

From (2.9), we get the desired result in (2.4). The inequality (2.4) will attain its
sharpness if and only if

z 142
G(z) = d Y(z)= .
()= g md PE) =
O
Lettingm=0=n,r=2,s=1,k =01, ke =1l and ¥ = ifz in Theorem 2.4,

we get the following.

Corollary 2.5. If f(z) € L, (o, 8) (see Remark 1.3), then

i1 2020 g (002

Now we will present the application of our result, in particular the impact of petal
shaped domain when it is struck inside a vertical domain. Arora and Kumar[2]
studied a subclass of starlike function involving a petal shaped domain namely
W(z) = 1+ sinh™'(2) (see Figure 1a). The function ¥(z) = 1+ sinh™'(z) maps
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(A) f(z) =1 +sinh™!(2)

FIGURE 1. (a) The image of f(z) = 1+ sinh™*(z) with domain as
unit disc; (b) The image of ¥[0,1;1 4 sinh™*(z)] with domain as
unit disc

the unit disk onto a cardioid domain in the right half plane. On letting ¥(z) =
1 +sinh™!(2) in (1.7), we get

. 2im(l—a) ) 2im(l—a) \ 2 5
. z(l—e p=a )(ﬁ—a)z z(l—e p=a ) (a — B)z
A ;1 inh™ =1
[, B; 1 4 sinh™ " (z)] + 5 + o
in(l—a) in(l—a) ir(l—a)
i(l—i—e2 o _ 3¢ Pra te Poa )(a—ﬁ)z3
24m

Note that the function Afa, 8; 1+ sinh™*(z)] belongs to class P for all admissible
values of a and . Letting 11 = 1 and 12 = 0 in Theorem 2.4, we have

Corollary 2.6. If f(z) € E;\:?L(a,ﬁ; K1, 015 1, 0; 1 +sinh ™! (2)), then

ot g [ ()]

2.1. Fekete-Szego Problem. We recall the following lemmas to prove our results
in this subsection:

Lemma 2.7. [13] If p(z) = 1+ p1z + p22® + -+ is a function with positive real
part, then for each complex number p

| p2 — ppi |< 2max (1,] 2 — 1) (2.10)
and the result is sharp for the functions given by

p(2)

_ 1422
1= 227

14z
T 1-2z

p(2)
Lemma 2.8. [14] If

G(z) =z + chz” SO

n=2
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then for each complexr number A we have | cz — A3 |< max (1,]3 — 4\ |) and the
result is sharp for the Koebe functon

30 .1
‘ 3.1
7 bl =

1l 2
and for

1 2y .~ . 7%
k2(z)f1_22 if A 4|§

P

Theorem 2.9. If f(z) € E;;tm(a,ﬂ; K1, 01; 1, 0; W), then

pif—a) . [ (1—aq)
las| < o] {1+ oy sin {W(ﬁ—a)]}' (2.11)
1 2/ (B—) . [ A—a)]  |l(B—a) . [ (1—aq)
ol < gz [+ 2 e ] + = =
vy W1 (1 — ezi&(ilf))
max{ 1, w—? - 7 (2.12)
for p € C we have
2 1 2/ (B—0a) . (1-qa) 3uMs
s~ 3] < 37R4 [ TMa] {”w—a)} '1 oM
3uM — . 1-—
max{l, ‘3 — i/l; } + [¥4] (i @) sin |:7T((ﬁz)):|
' " (1 B 627:("5—@;;*)) 3iMsuip1 (8 — @) (1 B 621-(73@;;1))
max< 1, |[— — — ,
(2 4 8 M3
(2.13)
and the result is sharp for the functions
1+ 1+ 22 2
p1(z) = T z, Gi(z) = i —Zz)2 and pa(z) = 1_—;, Ga(z) = (1_2722)2
Proof. As f(z) € E;;tm(a,ﬂ; k1, 015 1, 0; ), by (1.10) we have

Let h(z) € P be of the form h(z) =1+ 300 | p,2™, we consider h(z) = 1tw(z)

1—w(z)?’
where w(z) is such that w(0) = 0 and |w(z)| < 1. On simple computation, we have

w(z) = hz) =1 prz+pez® +p3z®+- -
h(z) +1 24+ p1z+p2z2+p32d3+---

1 1 1 1 1 .
= 51712 + B} (p2 - —p?> 224 = (ps — p1p2 + —pf) 2 +eee (2-15)

2 2 4
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Using (2.15) in (1.7), we have the right hand side of (2.14)
— 1—A2) 4+ (1+ A2
A[aﬁ;‘ll{w(z)}]:l—kiﬁ alog{{w(z)}( 2)+( ha )]
i

) ir(l—a) ) ir(l—a)
— 1+ B (1-F T (- a)e+ = (1-e 09 )i(B-a)
w 1 2im(l—a)
2 1 —e (B—a)
P1 P2 ( ) 2
— = 11— R 2.1
P2 =5 ” + 1 27+ (2.16)

Similarly, on computation we have the left hand side of (2.14)
1+ (2a2/\/12 — CQ)Z + [(3@3./\/13 — 03) + (C% — 2@202./\/12)} 22 + .-
) im(l1—a) ) im(1—a)
i} (1 _ e ) (B — )z + 4L (1 _ ) (B — @)
™

=1+
71'
o (1 27,(,;3(17)(” (2.17)
2 1 — e -«
b1 o ( ) 2
——=11-== R
P2 5 ™ + 1 2%+

Equating the coefficients at z and 22 on both sides of the above equation, we get

— 1 iplwl (ﬁ - Oé) 27,7r3(i,a)
7 aM, [ 47 (1 e ) e (2.18)

and

3 — 2ir(l—a)
(BagMs — ¢3) = (2a2 M2 — c2)cz + W (1 —e ®= ) {pz

2ir(l—a)
(v, (e ®T)
2 0 4

On simplification,

1 |:c3 + icap11 (8 = o) (1 — ezi&(ic:)a)) + 7’“#1 (B—2) (1 — e2i&i(ic:;1)>

4= 3Ms 4 4
2 m@%%%ﬁ
P
D) U 4

( 2i7r(17<¥)) + Zl/fl (ﬂ B a) (1 _ 627’(7;3@;?))

1 icop1P1 (B — )
— : = v 21— (B—a) A
3M3 {CS + 47‘(‘./\/12 € 47
w 1 2im(l—a)
2 1 —e (B—a)
P1 V2 ( )
——=11-== . 2.19

Using the bounds of |c2] < 2, and |p,| <2 (VYn > 1) in (2.18), we can obtain (2.11).
Taking modulus and using Lemma 2.7 in (2.19), we get the coefficient bound of as.



CLOSE-TO-CONVEX FUNCTION BOUNDED IN A VERTICAL DOMAIN 9

Therefore, we have

) 2im(l—a)
0 1 3,LLM3 9 202}711!)1 (ﬂ — Oé) (1 — e (B-—a) ) . 3,LLM3
as —naz |= 3300 (c3 e C2) + Am M ( T oM )
(2.20)
o (1 21‘(«(17)04)
i1 (B — ) ( m(lw)) pi o 1 ( —e e )
MWP 7Y (1 e _hy
T c L v 4
) 2in(1—a)
32M3M¢1(ﬁ —a) (1 —e B-) )
+ (2.21)

8mM3

Using Lemma 2.7 and Lemma 2.8 in (2.21), we complete the proof of the theorem.
O

142z
1—=z

Lettingm=0=n,r=2,s=1,k1 =01, ko =1 and ¥ =
we get the following.

in Theorem 2.9,

Corollary 2.10. If f(z) € L4 +(, B), then
26— a) . (1-a)
las| < {lJrTsm |:7T(B_a):|}.

A —a)

1
|a3|§§ 3+

for p € C we have

(8- )

sin [w(la)} ‘13—“

1 4
Jas — pad] < 3 [max{l, 13— 3ul} + a3

2in(l1—a) 2im(1—a)
(1-a) (1 —e B ) 3ip(8 — ) (1 —e (P )
max< 1, [1 — —
(B—a) 2 4w

Letting Psi(z) = 1 + sinh™"(z), we get the following.
Corollary 2.11. If f(z) € E;\:tm(a,ﬂ; K1, o151, 0; 1 +sinh™!(2)), then

=]

lag| < ﬁ{u (6;0‘) sin {w(l_a;]}
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for € C we have

! BuMs || 28 -a) [ (1—a)]|, _ 3uMs
— paj| < L |3- } + 1—
ja = paz| < 3| M [max{ ‘ M3 ™ | My sin "B-a) IM2
2imr(l—a) . 2i7r(i;a)
Jr(ﬂ —a) sin | (1-a) s d 1 (1 —e B ) . 3iMsu(B — ) (1 e B—a) )
T (B —a) ’ 4 8w M3

CONCLUDING REMARKS:

Here, we introduced a new family of analytic functions whose characterization is
motivated by the class of starlike functions with respect to symmetric points. The
defined function class is restricted to region has been associated with the vertical
domain which is accomplished using the principle of subordination. We obtained
the several interesting properties of the defined function class for example inclusion
relationship, initial coefficient bounds and the Fekete-Szeg6 inequalities.

For the purpose of future scope, we now present the following questions:

(1) What are necessary and sufficient conditions for functions to be in
Ly a, B; w1, o151, 0; D).

(2) The functions belonging to the classes need not be starlike or convex, so
what should be the disc size for which the functions in E;;tm(a, B; k1, o1;m, 6; U)
would be starlike or convex.

(3) For what values of the parameters involved namely k1, o1; 7, and 6, would
the functions belonging to the class £;‘7’Zn(a,ﬁ; K1, 015 1, 0; ¥) be univa-
lent.

REFERENCES

[1] S. Araci, K. R. Karthikeyan, G. Murugusundaramoorthy and B. Khan, ®-like analytic func-
tions associated with a vertical domain, Math. Inequal. Appl. 26 4 (2023) 935-949.
[2] K. Arora and S. S. Kumar, Starlike functions associated with a petal shaped domain, Bull.
Korean Math. Soc. 59 4 (2022) 993-1010.
[3] S. Bulut, Coefficient estimates for functions associated with vertical strip domain, Commun.
Korean Math. Soc. 37 2 (2022) 537-549.
[4] N. E. Cho, A. Ebadian, S. Bulut, A. E. Adegani, Subordination implications and coefficient
estimates for subclasses of starlike functions, Mathematics, 8, (2020), 1150.
[5] N. E. Cho, O. S. Kwon and V. Ravichandran, Coefficient, distortion and growth inequalities
for certain close-to-convex functions, J. Inequal. Appl. 2011 2011:100, 7 pp.
[6] J. Dziok and H. M. Srivastava, Classes of analytic functions associated with the generalized
hypergeometric function, Appl. Math. Comput. 103 1 (1999) 1-13.
[7] C. Gao and S. Zhou, On a class of analytic functions related to the starlike functions, Kyung-
pook Math. J. 45 1 (2005) 123-130.
[8] R. Kargar, A. Ebadian and J. Sokél, Radius problems for some subclasses of analytic func-
tions, Complex Anal. Oper. Theory 11 7 (2017) 1639-1649.
9] K.R. Karthikeyan, D. Mohankumar and D. Breaz, Properties of Bazilevi¢ functions involving
q-analogue of the generalized M -series, European Journal of Pure and Applied Mathematics,
18 1 (2025) Article Number 5841.
[10] K. R. Karthikeyan, K. Srinivasan and K. Ramachandran, On a class of multivalent starlike
functions with a bounded positive real part, Palest. J. Math. 5 1 (2015) 59-64.
[11] K. R. Karthikeyan, K. A. Reddy and G. Murugusundaramoorthy, On classes of Janowski
functions associated with a conic domain, Ital. J. Pure Appl. Math., 47 (2022), 684-698.
[12] K. R. Karthikeyan, S. Varadharajan and S. Lakshmi, Some properties of close-to-convex
functions associated with a strip domain, Sahand Communications in Mathematical Analysis,
21 2 (2024) 105-124. doi: 10.22130/scma.2023.1987052.1233.



CLOSE-TO-CONVEX FUNCTION BOUNDED IN A VERTICAL DOMAIN 11

[13] F. R. Keogh and E. P. Merkes, A coefficient inequality for certain classes of analytic func-
tions, Proc. Amer. Math. Soc. 20 (1969), 8-12.

[14] W. Koepf, On the Fekete-Szegoé problem for close-to-convex functions, Proc. Amer. Math.
Soc. 101 1 (1987) 89-95.

[15] K. Kuroki and S. Owa, Notes on new class for certain analytic functions, RIMS Kokyuroku,
1772,(2011), 21-25.

[16] S. Li, H. Tang, L.-N. Ma and X. Niu, Coefficient estimates for the subclasses of analytic
functions and bi-univalent functions associated with the strip domain, J. Math. Res. Appl.
37 5 (2017) 550-562.

[17] H. Mahzoon and J. Sokdl, On coefficients of a certain subclass of starlike and bi-starlike
functions, Kyungpook Math. J. 61 3 (2021) 513-522.

[18] G. M. Mittag—Lefller, Sur la nouvelle fonction Es(x), C.R. Acad. Sci. Paris 137 (1903),
554-558.

[19] G. S. Siligean, Subclasses of univalent functions, in Compler analysis—fifth Romanian-
Finnish seminar, Part 1 (Bucharest, 1981), 362-372, Lecture Notes in Math., 1013, Springer,
Berlin.

[20] C. Selvaraj and K. R. Karthikeyan, Differential sandwich theorems for certain subclasses of
analytic functions, Math. Commun. 13 2 (2008) 311-319.

[21] M. Sharma and R. Jain, A note on a generalized M-series as a special function of fractional
calculus, Fract. Calc. Appl. Anal. 12 4 (2009) 449-452.

[22] Y. J. Sim and O. S. Kwon, Some results on analytic functions associated with vertical strip
domain, Proc. Jangjeon Math. Soc. 19 4 (2016) 653-661.

[23] A. Soni and S. Kant, A new subclass of close-to-convez functions with Fekete-Szego problem,
J. Rajasthan Acad. Phys. Sci. 12 2 (2013) 125-138.

[24] H. M. Srivastava and 7. Tomovski, Fractional calculus with an integral operator containing
a generalized Mittag-Leffler function in the kernel, Appl. Math. Comput. 211 1 (2009) 198—
210.

[25] D. L. Suthar, F. Gidaf and M. Andualem, Certain properties of generalized M -series under
generalized fractional integral operators, J. Math. 2021, Art. ID 5527819, 10 pp.

[26] 7. Tomovski, R. Hilfer and H. M. Srivastava, Fractional and operational calculus with, gener-
alized fractional derivative operators and Mittag-Leffler type functions, Integral Transforms
Spec. Funct. 21 11 (2010) 797-814.

[27] Z.-G. Wang, C. Gao, and S. Yuan, On certain subclass of close-to-convez functions, Acta
Math. Acad. Paedagog. Nyhdzi. (N.S.), 22 6 (2006) 171-177.

[28] Z.-G. Wang and D.-Z. Chen, On a subclass of close-to-convez functions, Hacet. J. Math.
Stat. 38 2 (2009) 95-101.

[29] A. Wiman, Uber den Fundamentalsatz in der Teorie der Funktionen Eq(x), Acta Math. 29
1 (1905) 191-201.

KADHAVOOR R. KARTHIKEYAN
DEPARTMENT OF APPLIED MATHEMATICS AND SCIENCE, COLLEGE OF ENGINEERING, NATIONAL
UNIVERSITY OF SCIENCE & TECHNOLOGY, MuscAT P.O. Box 620, OMAN.

E-mail address: karthikeyan@nu.edu.om

GANGADHARAN MURUGUSUNDARAMOORTHY
DEPARTMENT OF MATHEMATICS, SCHOOL OF ADVANCED SCIENCES, VELLORE INSTITUTE OF TECH-
NOLOGY, VELLORE 632014, TAMILNADU, INDIA.

E-mail address: gms@vit.ac.in

DHARMARAJ MOHANKUMAR
DEPARTMENT OF MATHEMATICS FOR INNOVATION, SAVEETHA SCHOOL OF ENGINEERING, SAVEETHA
INSTITUTE OF MEDICAL AND TECHNICAL SCIENCES(SIMATS), THANDALAM, CHENNAI, 602 105,
INDIA.

E-mail address: dmohankumarmaths@gmail.com



