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Abstract: In this study, using the ideas of subordination and the quantum-difference operator, we
established a new subclass S* (9, o, q) of g-starlike functions and the subclass S5 (6, 0, g) of g-starlike
bi-univalent functions associated with the vertical strip domain. We examined sharp bounds for the first
two Taylor-Maclaurin coeflicients, sharp Fekete-Szego type problems, and coeflicient inequalities for
the function 4 that belong to S* (6, 0, g), as well as sharp bounds for the inverse function 4 that belong
to 8" (4, o, q). We also investigated some results for the class of bi-univalent functions S5 (6, 0, ¢) and
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findings of this paper.
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1. Introduction and definitions

Let A be the class of analytic functions in the open unit disk U = {z € C : |z] < 1} and have the
series of the form

h@)=z+ ) ad, (1.1)
n=2

and normalized by the conditions
h(0) =0and A’ (0) = 1.
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Consider S as the class of functions in A that are univalent in /. Let a function i € S of the form (1.1)
have an inverse 4! defined by
W' (h(z) =z, z€U,

and

h(h ) =w (le <rrz }1)

where
gw)=h"'(w) =w—aw + (2a§ - ag)w3 — (Sag — Saya3 + a4) wh+ . (1.2)

Let the class P be defined as
P={peA:p0)=1and Re(p(z)) >0, z€U}.

A function i € A is said to be bi-univalent in U if both & and A~ are univalent in U. Let the symbol T
denote the class of bi-univalent functions in the open unit disk Y. Several scholars have recently
examined the bounds of the coefficients of analytic and bi-univalent functions. We recommend [1-11]
for more current research on this subject.

When Bieberbach [12] examined the coeflicient hypothesis in 1916, scholars first started studying
the theory of functions, which was first recognized as a promising field of study in 1851. De
Branges [13] confirmed the Bieberbach theory in 1985, despite the fact that a huge number of well-
known researchers attempted to either confirm or disprove it between 1916 and 1985. Understanding
the theory of analytic and univalent functions, as well as how these ideas assess the expansion of
functions within their designated domains, is essential. This is made up of an arrangement of the
Taylor series, function coefficients, and associated functional inequalities. Fekete and Szeg6 [14]
made the important and useful discovery of the Fekete-Szeg6 inequality in 1933. The Fekete and
Szegd inequality, connected to the Bieberbach conjecture, is a mathematical inequality that deals with
the coefficients of univalent analytic functions. The maximizing of the nonlinear functional |a3 - ,ua§|
has been proven to have a number of impacts. This kind of problem, known as a sharp Fekete-Szego
problem, is presented as follows:

3—4u, it u<o0,
|a3—,uag|s 1+Zexp(%), if 0<u<l,
4u -3, it u>1

The subordination form of two analytic functions A, and h; is
hi(2) < hy(2), z€U. (1.3)

If a Schwarz function w that is analytic in U exists and satisfies the requirements w(0) = 0 and
lw(z)| < 1, then hi(z) = hy(w(z)), z € U. If h, is univalent in U, then (see [15])

hi(0) = hy(0) and hy(U) C hy(U). (1.4)

Remark 1.1. Let hi(z) and h,(2) be analytic in U. If h, is univalent in U, then the subordination (1.3)
is equivalent to the condition (1.4).
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The well-known class of starlike (S*) functions is defined as

7H (2)
h(z)

heS*@Re( )>0,ze“u,

and it can be written in terms of subordination as

. @) 1+z
S —{he&z{. ) <1—z}'

For 0 < 6 < 1, a function /& € A is said to be starlike of order ¢ if it satisfies the condition

Re(Zh (Z)) >0, ze€U,

h(z)

and it is denoted by S* (). Additionally, we define M(o) as the subclass of A of functions A(z) that
satisfies the following inequality:

7 (2)
Re( e )<0', for o> 1.

Moreover, the subclass S* (9, o) C A consists of functions, that satisfy the following inequality:

7h (2)
h(z)

We note that Kuroki and Owa [15] and Uralegaddi et al. [16] were the first to explore the functional
classes M(o) and S* (9, o), respectively.
The class of normalized analytic functions K (4, 9, o) satisfying the two-sided inequality

h 2n”
5<Re(Z (Z)+/lZ (Z))<0(OS6<1<0-, z€U)

h(z) h(z).
was studied by Sun et al. [17] in 2015.

Recently, Sun et al. [18] studied the applications of the vertical strip domain for the class of
starlike functions and investigated integral representations, convolutions, and coefficient inequalities
for functions belonging to this class. Furthermore, they considered radius problems and inclusion
relations involving certain classes of strongly starlike functions, parabolic starlike functions, and other
types of starlike functions. Later on, Bulut [19] studied the uses of the vertical strip domain for the
class of close-to-convex functions.

Several analytic function subclasses have been developed using the concept of subordination based
on the geometrical interpretation of their image domains, including the right half plane, circular disc,
oval and petal type domains, conic domain, leaf-like domain, and generalized conic domains, which
have all been defined and studied (see, for details, [20-25]). In this article, we define two new
subclasses of g-satrlike functions associated with the vertical strip domain.

In [15], Kuroki and Owa defined an analytic function fs, : U — C as

6<Re( )<O‘(OS6<1<0‘,ZE(L[).

1-6
0

. 1 — ze¥o=
llOgl—_Z (OS6<1<U,Z67/I) (15)

o-0

foor(@ =1+
T
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with

f6,0'(0) =1.

They proved that f5, maps U onto the vertical strip domain (see Figure 1):

Qse={lweC:6<Re(w) <o}

conformally and the function f;, is a convex univalent function in U having the form

where

and

fio@ =1+ Y T,2",
n=1

T, = O-n;éi(l ~ M), neN,

T, = “;51'(1 ~ i), T, = “2;51'(1 — i),

051

-05

06 08 10 12 14 16 18 20

Figure 1. The image of U under the function f;,(7) for 6=0.5; o=2.

(1.6)

(1.7)

(1.8)

(1.9)

A great number of scholars have been attracted and motivated by the exploration of g-calculus (or
quantum calculus) because of its use in a variety of quantitative sciences. The research on the g-
derivative has inspired scholars to use it in geometric function theory and other fields of mathematics
and mathematical sciences. Jackson [26,27] was one of the main contributors to the introduction and
development of the g-calculus theory. Just as g-calculus was applied in other mathematical sciences,
its formulations are frequently used to investigate the existence of different function theory structures.
Ismail et al. [28] was the first who established a connection between the geometric nature of the
analytic functions and the g-derivative operator. The first characteristics of the g-difference operator
are described by Kanas and Raducanu [29]. They used the g-difference operator, applied the idea of
convolution, and defined the g-analogue of the Ruscheweyh differential operator, while the authors
of [30] present the class of g-starlike functions associated with the g-analogue of the Ruscheweyh
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differential operator. Zang et al. [31] used the idea of g-calculus notations and the technique of
subordinations to define a generalized conic domain, then considered this domain to investigate the
class of g-starlike functions. A number of authors recently published research on the classes of g-
starlike functions; see [32-38]. For studying a new subclasses of analytic and bi-univalent functions,
we first need the definition of the g-difference operator.

Definition 1.1. [26,27] For h € A, the g-difference operator can be defined as follows:
h(qz) — h(z)

th(Z) = Z(q — 1) >

z2€U qe(0,1), neN. (1.10)

Combining (1.1) and (1.10), we have

D,h(z) =1+ Z[n]qanz”_1
n=1

and . .
Dq(Zn) = [n]an_l’ Dq (Z anzn] = Z[n]qanzn_l»
n=1 n=1
where | .
—q
[n], = :
q 1 -q

We consider the above g-difference operator and define a new subclass of the g-starlike functions
related to the vertical strip domain.

Definition 1.2. An analytic function for h € 8* (9, 0, q), if h satisfies the following inequality:
zDh(z)

6<Re( )<0', z€U, (1.11)

where g € (0,1),0<6<1<o0.
Remark 1.2. For g — 1—, in Definition 1.2, then S* (6, 0, q) = 8* (0, o) are investigated in [15].

Definition 1.3. For g € (0,1), 0 < 6 < 1 < o, we denote by S5 (0,0, q) the class of bi-univalent
functions consisting of the functions such that

heS (6,0,q) andh™' € 8 (6,0,9),
where h™" is the inverse function of h.

The study of g-calculus is among the most challenging subjects in mathematics. It has been studied
for 300 years since Euler. Today, research in the subject of g-calculus advances quickly because of its
use in many fields, including physics and mathematics. There are several applications in combinatorics
for the working history of g-analysis, quantum physics, theta functions, hypergeometric functions,
analytic number theory, finite difference theory, mock theta functions, Bernoulli and Euler polynomials,
and gamma function theory. In addition, thermodynamics makes use of the g-difference operator. It has
been shown that the thermodynamics of the g-deformed algebra may be realized via the formalization
of the g-calculus. It has been discovered that the complete structure of thermodynamics is preserved
if an appropriate Jackson derivative [26, 27] is employed in place of the standard thermodynamic
derivative [39]. In this article, we use g-calculus notations associated with the vertical strip domain,
define two new subclasses of g-starlike functions, and investigate some useful properties of the
functions 4 belonging to these classes.

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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2. A set of lemmas

To demonstrate our findings, we shall employ the following lemmas:
Lemma 2.1. Lethe Aand0 <6 <1 < o, then h € §* (0,0, q) if and only if

zD,h(z)
h(z)

< f50(2), z€U, 2.1)

where f;.,(2) is given by (1.7).
Proof. Let us consider the function f;,(z) by

;1-0
_ Zezﬂ'lﬁ

1-z2

-6 1
ﬁio—(z)zl"i'o-ﬂ_ ilog( ) zeU,

with 0 < 6 < 1 < o. The function f;,(2) is, therefore, clearly analytic and univalent in U with
f50(0) = 1. Moreover, we have

=6, (l-—z&e%) o+6 o-0. (ie™es - zieie
1+ ilog = + ilog :
T

b4 1-z

We can see that f5,(z) maps U onto the strip domain w with 6 < Re (w) < o. As a result, it follows
from Remark 1.1 that the subordination (2.1) is equivalent to the inequality (1.11), which proves the
assertion of Lemma 2.1.

Lemma 2.2. [40] Let
p@) =) G
n=1

be analytic and univalent in U and suppose that p(z) maps U onto a convex domain. Let

K(2) = i a7

n=1

be analytic in U and satisfy the subordination

K(z) < p(2),

then
la,| <|Cql, n=>1.

Lemma 2.3. [41] Let p(z) = 1 + ), ¢,2" be a function with a positive real part in U, then,

n=1
|e2 — pei] < 2max (1,11 - 2ul}, p e C.
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3. Main results

The following theorem provides sharp coefficient estimates for the function 4 € S* (6, 7, ).

Theorem 3.1. Let h be of the form (1.1) and h € S* (6, 7, q), then,

|7
<
lay| < [Z]q—l’
7| { T, T, }
las| < max< 1, [— + ,
YT op, -1 T, [2],-1

where T\ and T, are given by (1.9). The results are sharp for the functions given in (3.8) and (3.9).

Proof. Leth € 8 (5,0, 9), and let (2) = 242,

zD,h(2)
h(z)
Note that the function f;,(z) defined by (1.5) is convex in U and of the form

then the subordination (2.1) can be written as follows:

< f5.0(2). (3.1)

fie@ =1+ ) T,2", ze,
n=1

where T, is given by (1.8).

Let )
( 1 for WD) 1+ciz+ e +
p) = — = C1Z T+ CZ ceey
1 - f; (@) R
or ©
_ p@ -1
w(Z) - f6,0' (p(Z) + 1)
Using w(z) = Zl;"(g)@, we have
zDh(z) ( p@ - 1) 32)
ha  \p@+1) ‘
We know that
p(Z) -1 . az + C2Z2 + C3Z3 + ...
p@+1  2+4ciz+e ...
1 1 1
= EC‘]Z'FE(CZ—EC%)ZZ‘F...
Taking the right hand side of (3.2), we get
() -1 1 1 1
f;ﬁ,(r (i(z) n l) = ETlclz + (ETICQ + Z (T2 - TI)C%) ZZ + ... (33)
Taking the left hand side of (3.2), we get
zD h(z)
o= (121, - V) axz +{(131, - 1) a5 — (121, - 1)@} + ... (3.4)

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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Equating the coefficients from (3.3) and (3.4), we get

T
a=—»r (3.5)
2([21, - 1)
Applying modulus, and using |c,| < 2, we have
||
< . 3.6
ol < G (3.6)

Equating the coefficients from (3.3) and (3.4), after some simple calculation, we get

L l(Tz_Tl) i 2 3.7
as 2([314—1) {C2+[2 T + 2([2]51—1))61}. (3.7)

Taking a modulus on both sides, we have

|a3|:$‘62_1((1_2)_ T )CZ.
2([3]q_1) 2 T, 2], -1 :

Applying Lemma 2.3, we get

7| T, T,
las| < max< 1, |— + .
31, 1 T, 21,1
For sharpness, consider the function 4; : U —C such that

Zthl (Z)

h] (Z) = ﬁia‘(z)’
where
T, 5
hi(z) =z+ 0] —IZ + ... (3.8)
q
For sharpness, consider the function s, : U« —C such that
ZthZ(Z) 2
where
T, 3
h(z) =z + B3] - IZ + ... 3.9
q

Theorem 3.2. Let an analytic function h be of the form (1.1) belonging to the class S* (6, o, q), then,

T {ﬂ([s]q -1)- (121, - 1)]T1

T, ([2]q _ 1)2

T
[3]q - 1

|a3 —,ua§| < max |1, s

where u € C, Ty and T, are given by (1.9). The result is sharp for the function h, given by (3.9).

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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Proof. Using (3.5) and (3.7) in |a3 - ,ua§| and after some simple calculation, we get

1 —va,

o = ) 2(131, - 1)| 2T

where
V:l “Tl([3]q_21)+(1_2_ T ) -

2\ (21, 1) RN

Using Lemma 2.3, we have
las — paj| < T a1, 22 #(3, - 1) - (121, - ) T,
21 = )
[3]q — 1 T1 ([2]q _ 1)2

Hence, the result is proved.
Initial bounds for inverse functions:

Theorem 3.3. Let h € S* (6,0, q) and h™' be the inverse function of h. If

= 1
=h' W =W Y bW > o), 3.10
8 (w) W+n:2 wh(wl<r, r 4) ( )
then,
7|
b,| <
|2|_[2]q_1
and
23], -12], - 1
Ib3|S—3|T1|1max %—{ Bly []q2 ]Tw,
[31, - ! (121, - 1)

where T\ and T, are given by (1.9). The results are sharp for the function given in (3.11) and (3.12).
Proof. The relations (1.2) and (3.10) yield

bz = —ay and b'; = 261% — as.

Thus, in view of (3.6) and the identity |b;| = |a,| < [2]T — . Hence,
T
by < || .
[2]q - 1

Furthermore, for b3, we apply Theorem 3.2 with u = 2 and we get

1’{%_[2[314—[2](]2—1%} |
: ([2]4 B 1)

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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Results are sharp for the functions

T, )
h =w-— 11
w)y=w [2]q_1w + 3.11)
and
h(w) = w + LN (3.12)
2 [3]q 1 .
Theorem 3.4. Let h € A, be defined in (1.1). If h € §* (6, 7, q), then,
7|
<
las| < [2],1 1
and 1
T\ T ( T )
la,| < 1+ , forn > 3, 3.13
ol -1 L =) G139
where T, is given in (1.9).
Proof. Let
zD,h(z)
Kiz) = ——— 3.14
(2) o (3.14)

and the function f;,(z) be given by (1.7), then, the subordination (2.1) can be written as follows:

K(z) < f5.0(2). (3.15)

Note that the function f;,(z) defined by (1.7) is convex in U and has the form

fir@ =1+ ) T2,
n=2

where T, is given by (1.8). If we let N
K@ =1+ Az,
n=2
then from Lemma 2.2, we see that the subordination (3.15) implies
Ayl < T4, n=1,2,.., (3.16)
where T is given by (1.9). Now, (3.14) implies that
zD4h(z) = K(2)h(2).
Then, by comparing the coefficients of z” on both sides, we see that
(In)g = 1) @n = Aucy + Auatiz + ... + Ara,y.
After some simple calculation and using the inequality (3.16) yields that

(71, = lad = JAws +Ayrto + ..+ Arayl,

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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where T is given in (1.9) and |T| =

IA

IA

[ ]q -
T,
C (1 -+ laal +lasl + Lot
[n], —
n—1
T
|ak|’ a) = 1,
[n]q - 1 ;
—2((;_5) sin =2 Hence, we have
T
las| <
[2]q -

To prove the remaining part of the theorem, we need to show that

forn = 3,4,5, ...

a1

which implies that the inequality (3.17) holds for n = ¢ + 1.
,...) follows, as asserted in (3.13).

(n=3,4,5

|7
[n], -1

n—1
Z|ak|< [n|T1| 1_2[(1+

t

7|
- D lad

[t + l]q -1 4

t—1

7|
[k], -1

T (An-il + laal |An-al + las| |Ansl + .. + lan-1]1As])

), (3.17)

We use induction to prove (3.17). The case n = 3 is clear. Next, assume that the
inequality (3.17) holds for n = ¢, then a straightforward calculation gives

_ LIS g+ 1l
[+ 1], - 1| &

= N (41 )
[t+l] 1 g [k]q—l

IT| |T1| - IT| )
1, -1\, [k], — 1

7| (+ |T1| )
TESIESR S AT Y A

This completes the proof of Theorem 3.4.

Taking g — 1—

Hence, the desired estimate for |a,|

in Theorem 3.4, we get the known Corollary 3.2, proved in [17].

Corollary 3.1. [17] For an analytic function h defined by (1.1) and h € §* (8, o), we have

where T is given by (1.9).

AIMS Mathematics
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Theorem 3.5. Let h € S5, (6,0, q), then,

T\ \IT
las| < Tl VITH] (3.18)

72 (131, - 121,) + (T2 - T (121, - 1)

and 1| + T, - Tl
1+ 12— 1
B —. 3.19
|as| B31,- 2, (3.19)
Proof. If h € 85 (6,0, ¢q), thenh € §* (6,0,¢9) and g = h~! € 8 (6,0, q). Hence,
zD,h(z)
M(z) = < foo
() o Jo.or(2)
and D,g(w)
Liw) = =52 < ),
gw)

where f;,(z) is given by (1.7). Let
1(2)=1+Hz+ 0T +..

and
k(w) = 1+ kiw + kow?* + ...

Thus, ¢ and k are analytic, have a positive real part in U, and satisfy the well-known estimates

lt,| <2and |k,| <2, neN. (3.20)
Therefore, we have
1(z) -1
M(z) =
@ p(t(z) + 1)
and ko) 1
W —
Lw) = .
) p(k(w) i 1)
By comparing the coefficients, we get
[2]q —1)a, = lT]Z‘l, (321)
2
(131, 1) a3 - (121 —1)a2:1Tz LT Y (3.22)
1
- ([2]q - 1)02 = §T1k1, (3.23)
) _ 1 1 2
— (131, - 1)as + (2131, - [2], - 1) &} = STk + 2 (T2 = T A, (3.24)

where T and T, are given by (1.9). From (3.21) and (3.23), we obtain

= —kl. (325)

AIMS Mathematics Volume 9, Issue 5, 11789-11804.
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Adding (3.22) and (3.24), and using (3.21) and (3.25), we get

T} (2 + k)
4(73 (131, - 121) + @ - T (121, - 1)2).
Subtracting (3.22), (3.24) and (3.25), we get
{231 - 121 1) 2+ (121, - D] + (81, = 1) (T2 = T
"o 4(131,-1) (131, - 121,) |

These equations, together with (3.20), give the bounds on |a;| and |as| as asserted in (3.18) and (3.19).
This completes the proof of Theorem 3.5.
We get the known corollary proved in [17] by setting g — 1—.

Corollary 3.2. [I7] Let h € S5 (6, 0), then,

2 _
(12—

R
|72+ T, - 1|

la| <

and
las| < |T|+[T> =T,

where T\ and T, are given by (1.9).
4. Conclusions

In this research, we studied and explored a novel family of normalized holomorphic and bi-univalent
functions associated with the vertical strip domain and quantum calculus. This article is divided
into three sections. Section 1 provided a brief overview and common terminology. This part also
introduced two new subclasses of analytic and bi-univalent functions related to the g-calculus operator
theory. In Section 2, a number of common lemmas are provided. In Section 3, we investigated some
interesting problems involving function £ that belong to the subclasses of analytic and bi-univalent
functions. These included the first two initial coeflicient bounds, estimates for the Fekete-Szego type
functional, and results for a class of bi-univalent functions. Similar findings were obtained from further
investigation of the inverse functions. The Fekete-Szegd problem and the initial bounds have been
shown to be sharp in this article. We hope that this study will inspire future scholars to expand on this
concept for a different subclass of analytic functions, such as bi-univalent, multivalent, meromorphic,
and others.

Use of Al tools declaration
The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article.
Acknowledgement

The authors extend their appreciation to the Arab Open University for funding this work through
AOU research fund no. (AOUKSA-524008).

AIMS Mathematics Volume 9, Issue 5, 11789-11804.



11802

Contflict of interest

The authors declare that they have no competing interests.

References

1. S. R. Swamy, S. Bulut, Y. Sailaja, Some special families of holomorphic and Salagean type bi-
univalent functions associated with Horadam polynomials involving a modified sigmoid activation
function, Hacet. J. Math. Stat., 50 (2021), 710-720. https://doi.org/10.15672/hujms.695858

2. M. Caglar, H. Orhan, N. Yagmur, Coefficient bounds for new subclasses of bi-univalent functions,
Filomat, 27 (2013), 1165-1171. https://doi.org/10.2298/FIL1307165C

3. M. Obradovié, S. Ponnusamy, Radius of univalence of certain class of analytic functions, Filomat,
27 (2013), 1085-1090. https://doi.org/10.2298/FIL 13060850

4. H. M. Srivastava, S. Bulut, M. Caglar, N. Yagmur, Coefficient estimates for a
general subclass of analytic and bi-univalent functions, Filomat, 27 (2013), 831-842.
https://doi.org/10.2298/FIL1305831S

5. B. Khan, Z. G. Liu, T. G. Shaba, S. Araci. N. Khan, M. G. Khan, Applications of g-derivative
operator to the subclass of bi-univalent functions involving g-Chebyshev polynomials, J. Math.,
2022 (2022), 1-7. https://doi.org/10.1155/2022/8162182

6. E. Amini, S. A. Omari, K. Nonlaopon, D. Baleanu, Estimates for coefficients of bi-univalent
functions associated with a fractional g-difference operator, Symmetry, 14 (2022), 1-13.
https://doi.org/10.3390/sym 14050879

7. A. Amourah, B. A. Frasin, S. R. Swamy, Y. Sailaja, Coeflicient bounds for Al-Oboudi type
bi-univalent functions connected with a modified sigmoid activated function and k-Fibonacci
numbers, J. Math. Comput. Sci., 27 (2022), 105-117. https://doi.org/10.22436/jmcs.027.02.02

8. F. Yousef, A. Amourah, B. A. Frasin, T. Bulboac, An Avant-Garde construction for subclasses of
analytic bi-univalent functions, Axioms, 11 (2022), 1-8. https://doi.org/10.3390/axioms11060267

9. D. A. Brannan, T. S. Taha, On some classes of bi-univalent functions, In: Proceedings of the
International Conference on Mathematical Analysis and its Applications, Kuwait, 1988, 53-60.
https://doi.org/10.1016/B978-0-08-031636-9.50012-7

10. E. Netanyahu, The minimal distance of the image boundary from the origin and the second
coefficient of a univalent function in |z| < 1, Arch. Rational Mech. Anal., 32 (1969), 100-112.
https://doi.org/10.1007/BF00247676

11. H. M. Srivastava, A. K. Mishra, P. Gochhayat, Certain subclasses of analytic and bi-univalent
functions, Appl. Math. Lett., 23 (2010), 1188-1192. https://doi.org/10.1016/j.aml1.2010.05.009

12. L. Bieberbach, Uber dié koeffizienten derjenigen Potenzreihen, welche eine schlichte Abbildung
des Einheitskreises vermitteln, Sitzungsber. Preuss. Akad. Wiss., 138 (1916), 940-955.

13. L. Branges, A proof of the Bieberbach conjecture, Acta Math., 154 (1985), 137-152.
https://doi.org/10.1007/BF02392821

AIMS Mathematics Volume 9, Issue 5, 11789-11804.


http://dx.doi.org/https://doi.org/10.15672/hujms.695858
http://dx.doi.org/https://doi.org/10.2298/FIL1307165C
http://dx.doi.org/https://doi.org/10.2298/FIL1306085O
http://dx.doi.org/https://doi.org/10.2298/FIL1305831S
http://dx.doi.org/https://doi.org/10.1155/2022/8162182
http://dx.doi.org/https://doi.org/10.3390/sym14050879
http://dx.doi.org/https://doi.org/10.22436/jmcs.027.02.02
http://dx.doi.org/https://doi.org/10.3390/axioms11060267
http://dx.doi.org/https://doi.org/10.1016/B978-0-08-031636-9.50012-7
http://dx.doi.org/https://doi.org/10.1007/BF00247676
http://dx.doi.org/https://doi.org/10.1016/j.aml.2010.05.009
http://dx.doi.org/https://doi.org/10.1007/BF02392821

11803

14

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

. M. Fekete, G. Szeg0, Eine bemerkung uber ungerade schlichte funktionen, J. London Math. Soc.,
s1-8 (1933), 85-89. https://doi.org/10.1112/jlms/s1-8.2.85

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

B. A. Uralegaddi, M. D. Ganigi, S. M. Sarangi, Univalent functions with positive coefficients,
Tamkang J. Math., 25 (1994), 225-230. https://doi.org/10.5556/j.tkjm.25.1994.4448

Y. Sun, Y. P. Jiang, A. Rasila, Coefficient estimates for certain subclasses of analytic and bi-
univalent functions, Filomat, 29 (2015), 351-360. https://doi.org/10.2298/FIL1502351S

Y. Sun, Z. G. Wang, A. Rasila, J. Sokét, On a subclass of starlike functions associated with a
vertical strip domain, J. Inequal. Appl., 2019 (2019), 1-14. https://doi.org/10.1186/s13660-019-
1988-8

S. Bulut, Coefficient bounds for close-to-convex functions associated with vertical strip domain,
Commun. Korean Math. Soc., 35 (2020), 789-797. https://doi.org/10.4134/CKMS.c190268

A. W. Goodman, Univalent functions, Mariner Publishing Company, 1983.

W. Janowski, Some extremal problems for certain families of analytic functions, Ann. Polon. Math.,
3 (1973), 297-326.

K. I. Noor, S. N. Malik, On coeflicient inequalities of functions associated with conic domains,
Comput. Math. Appl., 62 (2011), 2209-2217. https://doi.org/10.1016/j.camwa.2011.07.006

S. Kanas, A. Wisniowska, Conic regions and k-uniform convexity, J. Comput. Appl. Math., 105
(1999), 327-336. https://doi.org/10.1016/S0377-0427(99)00018-7

S. Kanas, A. Wisniowska, Conic domains and starlike functions, Rev. Roum. Math. Pures Appl., 45
(2000), 647-658.

K. I. Noor, S. N. Malik, On a new class of analytic functions associated with conic domain, Comput.
Math. Appl., 62 (2011), 367-375. https://doi.org/10.1016/j.camwa.2011.05.018

F. H. Jackson, XI.-On g-functions and a certain difference operator, Trans. Royal Soc. Edinburgh,
46 (1909), 253-281. https://doi.org/10.1017/S0080456800002751

F. H. Jackson, On g-definite integrals, Quart. J. Pure Appl. Math., 41 (1910), 193-203.

M. E. H. Ismail, E. Merkes, D. Styer, A generalization of starlike functions, Complex Var. Theory
Appl., 14 (1990), 77-84.

S. Kanas, D. Raducanu, Some class of analytic functions related to conic domains, Math. Slovaca,
64 (2014), 1183-1196. https://doi.org/10.2478/s12175-014-0268-9

M. Arif, H. M. Srivastava, S. Uma, Some applications of a g-analogue of the
Ruscheweyh type operator for multivalent functions, RACSAM, 113 (2019), 1211-1221.
https://doi.org/10.1007/s13398-018-0539-3

X. L. Zhang, S. Khan, S. Hussain, H. Tang, Z. Shareef, New subclass of g-starlike
functions associated with generalized conic domain, AIMS Math., 5§ (2020), 4830-4848.
https://doi.org/10.3934/math.2020308

AIMS Mathematics Volume 9, Issue 5, 11789-11804.


http://dx.doi.org/https://doi.org/10.1112/jlms/s1-8.2.85
http://dx.doi.org/https://doi.org/10.5556/j.tkjm.25.1994.4448
http://dx.doi.org/https://doi.org/10.2298/FIL1502351S
http://dx.doi.org/https://doi.org/10.1186/s13660-019-1988-8
http://dx.doi.org/https://doi.org/10.1186/s13660-019-1988-8
http://dx.doi.org/https://doi.org/10.4134/CKMS.c190268
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2011.07.006
http://dx.doi.org/https://doi.org/10.1016/S0377-0427(99)00018-7
http://dx.doi.org/https://doi.org/10.1016/j.camwa.2011.05.018
http://dx.doi.org/https://doi.org/10.1017/S0080456800002751
http://dx.doi.org/https://doi.org/10.2478/s12175-014-0268-9
http://dx.doi.org/https://doi.org/10.1007/s13398-018-0539-3
http://dx.doi.org/https://doi.org/10.3934/math.2020308

11804

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

é% AIMS Press

M. F Khan, A. Goswami, S. Khan, Certain new subclass of multivalent g-starlike
functions associated with g-symmetric calculus, Fractal Fract., 6 (2022), 1-14.
https://doi.org/10.3390/fractalfract6070367

L. K. Liu, R. Srivastava, J. L. Liu, Applications of higher-order g¢-derivative to
meromorphic g¢-starlike function related to Janowski function, Axioms, 11 (2022), 1-10.
https://doi.org/10.3390/axioms 11100509

M. Raza, H. M. Srivastava, M. Arif, K. Ahmad, Coeflicient estimates for a certain family
of analytic functions involving a g-derivative operator, Ramanujan J., 55 (2021), 53-71.
https://doi.org/10.1007/s11139-020-00338-y

S. Mahmood, M. Raza, E. S. A. Abujarad, G. Srivastava, H. M. Srivastava, S. N. Malik, Geomotric
properties of certain classes of analytic functions associated with a g-integral operator, Symmetry,
11 (2019), 1-14. https://doi.org/10.3390/sym11050719

B. Ahmad, M. G. Khan, B. A. Frasin, M. K. Aouf, T. Abdeljawad, W. K. Mashwani, et al., On
g-analogue of meromorphic multivalent functions in lemniscate of Bernoulli domain, AIMS Math.,
6 (2021), 3037-3052. https://doi.org/10.3934/math.2021185

H. M. Srivastava, Operators of basic (or g-) calculus and fractional g-calculus and their applications
in geometric function theory of complex analysis, Iran. J. Sci. Technol. Trans. A Sci., 44 (2020),
327-344. https://doi.org/10.1007/s40995-019-00815-0

H. M. Srivastava, D. Bansal, Close-to-convexity of a certain family of g-Mittag-Lefller functions,
J. Nonlinear Var. Anal., 1 (2017), 61-69.

A. Lavagno, A. M. Scarfone, P. N. Swamy, g-deformed structure and generalized thermodynamics,
Reports Math. Phys., 55 (2005), 423-433. https://doi.org/10.1016/S0034-4877(05)80056-4

W. Rogosinski, On the coefficients of subordinate functions, Proc. London Math. Soc., s2-48
(1945), 48-82. https://doi.org/10.1112/PLMS/S2-48.1.48

F. R. Keogh, E. P. Merkes, A coeflicient inequality for certain classes of analytic functions, Proc.
Amer. Math. Soc., 20 (1969), 8—12.

©2024 the Author(s), licensee AIMS Press. This
is an open access article distributed under the

%E; terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 9, Issue 5, 11789-11804.


http://dx.doi.org/https://doi.org/10.3390/fractalfract6070367
http://dx.doi.org/https://doi.org/10.3390/axioms11100509
http://dx.doi.org/https://doi.org/10.1007/s11139-020-00338-y
http://dx.doi.org/https://doi.org/10.3390/sym11050719
http://dx.doi.org/https://doi.org/10.3934/math.2021185
http://dx.doi.org/https://doi.org/10.1007/s40995-019-00815-0
http://dx.doi.org/https://doi.org/10.1016/S0034-4877(05)80056-4
http://dx.doi.org/https://doi.org/10.1112/PLMS/S2-48.1.48
http://creativecommons.org/licenses/by/4.0

	Introduction and definitions
	A set of lemmas
	Main results
	Conclusions

