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Abstract: In this paper, we define and discuss properties of various classes of analytic univalent
functions by using modified g-Sigmoid functions. We make use of an idea of Salagean to introduce the
g-analogue of the Salagean differential operator. In addition, we derive families of analytic univalent
functions associated with new g-Salagean and g-Ruscheweh differential operators. In addition, we
obtain coefficient bounds for the functions in such new subclasses of analytic functions and establish
certain growth and distortion theorems. By using the concept of the (g, §)-neighbourhood, we provide
several inclusion symmetric relations for certain (g, §)-neighbourhoods of analytic univalent functions
of negative coefficients. Various g-inequalities are also discussed in more details.
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1. Introduction

In recent decades, the g-derivative has experienced accelerated developments in vari-
ous fields of science due to its numerous applications in mathematical analysis and physical
sciences including g-difference operators, fractional and g-symmetric fractional g-calculus,
optimal control, g-symmetric functions and g-integral equations, to mention but a few (see,
e.g., [1-9]). In [10], Jackson introduces the g-difference operator and discusses some appli-
cations of the g-derivative and the g-integral (see, also, [11] for more details and concepts).
In [12], Srivastava introduces a connection between the geometric function theory of the
complex analysis and the theory of the g-calculus. In [13], Arif et al. describe important ap-
plications of the g-calculus concept. In [14], Ismail et al. describe starlike functions by using
g-difference operators. In [15], Sokol et al. investigate a subclass of analytic functions with a
Ruscheweyh g-differential operator. In [16], Kanas and Raducanu introduce g-analogues of
the Ruscheweyh differential operators and establish some convolution properties of some
normalized analytic functions. In [17], Darus et al. study a g-analogue of some operator by
using g-hypergeometric functions. Moreover, authors of [18-21] apply properties of the
g-difference operator to discuss subclasses of complex analytic functions. In this paper,
we define g-analogues of the Salagean and Ruscheweyh differential operators for certain
univalent functions and study some interesting properties of the obtained results.

Let H be the set of all analytic functions on the unite opendiscD = {z € C: |z] < 1.
Let A be the subset of H of all functions normalized by f(0) = 0 and f'(0) = 1and S
be the set of univalent functions (consult, for details, [22]). For a function f in the class S,
Salagean in [23] introduced a differential operator and studied some of its applications on a
certain subclass of univalent functions. Ruscheweyh in [24] defined the differential operator
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and investigated some properties of the univalent functions. Recently, in various papers,
several authors have introduced generalizations to the Salagean differential operator (see,
e.g., [25]). The g-analogue of the Ruscheweyh operator was also studied in [26-28]. For
more details on this theory, we refer to [29-42] and references cited therein.

For any real number 4,0 < g < 1, the g-difference operator for a complex valued
function f is defined by

qu(Z) — f(Z) _f(qz)l 2 e D.
zZ—qz

It is clear that D;f — f’ when g — 1. Let U denote the subclass of all normalized

functions f in H such that

f&) =z-Yad, a0 1)
k=1

Then, for every function f furnished by (1), we assert that

o)

Dof(z) =1— Y [Klgmz", x>0,
k=2

where [k|; = %, 0 <g < 1andn € N. The g-real number for a € C is defined by [11]
n=20,

1/

Therefore, for a complex number «, we use the following notation to denote the
g-binomial coefficients [43]

BE(a) (“) { i o
g\&) = =3 (=g)0—g"")..(1-g" )
k/, P , keN.

The g-analogue exponential function is defined in [43] by

where the g-factorial [k],! is given by

1, k=0,
[k}qIZ{ Kok —1]g... [l k=12,...

The modified g-Sigmoid function is defined in [43] by

"Yq(s) = . 3)

Alternatively, it can be expressed as

_ 1 1 2 B 1 3
7‘7(5)‘”2[116,!”<4<mq!>2 2[z1q!>s *(zmq! 2[11q![z1q!+<zmq!>3>s e

where the g-factorial [k],! is given by
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By keeping track of the definition of the g-Sigmoid function -y, (s), we define

f'Yq Z 'Yq ﬂkz a > 0. 4)

Hence, we introduce the (g, A)-Salagean differential operator for the function f,, (z)
to be

Dg,/\f')’q(z) = f')’q(z);
Dyafr,(2) = 79(s) (1= A)fy,(2) + AzDyfoy (2));

Diafr(2) = Dya(Dyy' fr,(2),

where n € Ny = N{J{0}.
If f is satisfies (4), then we have

/\f%i( Z AR (s)[(1=2) + AlKlg] "ay 2. (5)
From the preceding definition, we observe that if s = 0 and ¢ — 17, then we have

Dif(z) =z— i (14 (k—1)A]" a5,

k=2

where the operator D, f is the generalized Salagean differential operator defined by [25].
Let f be given by (1), then the g-analogue involving a modified g-Sigmoid function of the
Ruscheweyh operator is defined by

Ri fry(2) =2 — 2 7q(5)By(m)ar, (6)
where Bg(n) has a significance of (2).

Definition 1. Let f € U and 0 < q < 1. Then, we define S%R(oc) to be the subclass of U defined as

S,’;ZIR(«X) = {fGU:Re<W> >,z € D}.
qJ7q\%

Definition 2. Let f € U and 0 < g < 1. Then, by C%R(DC) we denote the subclass of U such that

C'%R(“) = {f ceU: Re<1+ ZDq(ZDngqu(Z))) >,z € D}.

zDgR fr, (2)

In [44,45], the authors raised a definition of the (1, §)-neighbourhood of a function f
in Y. In [46], they introduced the (4, 4)-neighbourhood of a function f € U/ in the form

N, (f) = {geup g(z fz—Zbkz and 2 |ak—bk|§(5}, (6 >0). )
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Therefore, it can be inferred from (7) that if h(z) = z, then

N;q(h) = {g ceU:g9(z) =z— i bez" and i[k]ﬂbk\ < (5}, (6 >0). 8)
k=n k=n

However, the aim of the present paper is to discuss various characteristics of an analytic
univalent function in the class T%R( i, ) of those functions f possessing the inequality

{ zD4RI £, (2) + uzDyg(zDgRE £, (2))

(1 — u)RY fr, (2) + pzDgRE £, (2) } >a,(zeD0<p<10<a<1). (9

Clearly, in terms of the simpler classes S%R (a) and CfY;IR («), we, respectively, have
R
T%R(O,tx) = Sz'q,/\(ac) and T%R(l,zx) = C%R(zx).

For further demonstration, we denote by IC%R (u, ) the subclass of U of all functions
f possessing the inequality

Re{Rf]’f%} (z) + uzDgRy fy, (z)} > .
Now, we combine the g-analogue of the generalized Salagean differential operator
involving the modified g-Sigmoid function defined by (5) and the Ruscheweyh operator

involving the modified g-Sigmoid function expressed in (6) to obtain a new operator
as follows:

Yyafr,(2) = BDY 3 fry (2) + (1= B)R o, (2), 0<A<1,0<p<Lzell

Thus, we write
Yo fon(2) = (Bri(s) —B+1)z - :'22 74(5) Y (5)[(1 = A) + Alklg]" + (1 — B)BE () |ai".

Definition 3. Let f € U,0 < q < 1and 0 < A < 1. Then, we define the subclass Sgﬁ\(a) of the
class U by
zDg¥} ) f, (2)
s (a) = €U :Re| =1 arT7 77 >w,z€D .
1A (%) {f 7

Definition 4. Let f c¢ U, 0 < q <1and 0 < A < 1. Then, we define the subclass C:f)\(vc) of the
class U by

zDg(zDg¥" 4. (2))
n,¥ _ X q q9%q,A)7q
qu’)\(tx) = {f €U :Re (1 + ZDq\Pg,/\f'yq(Z) >uwn,z€D5y.

Finally, let T;’q‘};\( i, ) denote the subclass of U of functions such that the following

inequality holds

{ 2Dy¥" £, (2) + 42Dy (zDg ¥ £ (2))
(0= ¥ fry () + #2D¥0 fr, (2)

}>o¢,(zED,O§;4§10§oc<1). (10)
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Then, in terms of the simpler classes S:f)\ () and C’;;I;\ («), we, respectively, have
¥ hd ¥ Y
T (0,) = S)7% () and T8 (1,0) = CI¥ (@),

Furthermore, let IC%‘Y/\( i, ) denote the subclass of U of functions f that satisfy the

inequality

Re{‘-I’Z,)\f%7 (z) + yqu‘PZ,Af%] (z)} > q.

One part of deriving a set of coefficient bounds for each of such function classes is
to establish several inclusion relationships associated with the (g, §)-neighbourhoods of
analytic univalent functions of negative missing coefficients in the same subclasses.

2. A Set of Coefficient g-Inequalities

In this section, we establish the following result, which gives a coefficient inequality
for functions in the subclass Ti;q‘l;\ (u,a).

. . .. ¥ .
Theorem 1. Let n € NJ{0} be a fixed number. A function f € U is in the class Ti;w () if

and only if
Y [ -+ (1= )W, + k2] < (14— )(Bl) —p+1) (D)
k=2
(0<g<1,0<B<L0<u<1,0<a<1,zeD),
where
b = 7q(5) [573(5) [(1—A) +A[K],]" + (1 — 5)B§(n)},k —=2,3,.... (12)

This result is sharp.

Proof. Assume that f € T;f;\(y, ). Then, we have

(14 p)(BY(s) = B+1) = Xy | ], + plK]7 | ozt
Re >,
Bry(s) = B+ 1= T ¢ |1 — p+ ulk]y |z
(0<9<1,0<B<1,0<u<1,0<a<1lzeD).
Choose z to be real and let z — 1. Then, we obtain
(1+ ) (BY2(s) = B+1) = K5y ¢ | (K], + (K7 |
(s) — B+ 1- TR gL p o+ ulk], o

>,

(0<9<1,0<B<1,0<u<1,0<a<1lzeD,).
Or, alternatively, we write

[ee]

(1+ ) (BY(s) = p+1) —§¢k{[k}q + ulkfp o = (72(s) = B+1) = X a1 — i+ ulkl, |,

k=2
(0<9<1,0<B<1,0<u<1,0<a<1,z€D).
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Thus, it follows
_Iitpk{aﬂ —a+(1 —ocy)[k]q +V[k]ﬂﬂk > (a—1—p)(BY!(s) — B+1)

(0<9<1,0<B<L,0<u<1,0<a<1,zeD),

which is precisely the assertion (11) of Theorem 1.
Conversely, assume that the inequality (11) truly holds and let

zedD={zeC:|z| =1}

Then, from the assertion (10) and the assumption that the inequality (11) holds, we
find that

2Dg¥7 )\ fr, (2) + pzDg(zDg¥7 \ £, (2))
(1= )Y} ) frq (2) + 42D ¥ f, (2)
a(B(s) = B+1) = LRty g [1lkl] + (1= (1 +p = ) (K], — (1= ) (1 + p — o) [zt
BYy(s) = B+1— Lo i1 — i+ plk] |zt
a(BY3(s) = B+ 1) + iy e [k + (1= (14— @) [k, — (1= 1) (1 + p — ) gz
Br(s) = B+1— T a1 — i+ wlK]y izl
w(BY() = B+1) + L g |IKLY + (K], aclzF = (1 o — @) Ty k], + (1= o) [z
B(s) = B+1— LRy ¢ [1 =+ wlk] a2l

—(1+p—a)

< 1+4u-—2a.

Thus, the maximum modulus theorem reveals f € T;; (u, ). Finally, it is clear that
the assertion (11) of Theorem 1 is sharp, where the extremal function is given by

(A+p—)Brys) —p+1)
g |ap — o+ (1= ap) K], + plK]7

fe) =2~

(0<9<1,0<B<1,0<u<1,0<a<1lzeD,).
Hence, we have the required result. [

Putting B = 0 in Theorem 1, one may derive the following corollary.

Corollary 1. Let n € NJ{0} be a fixed number. A function f € U is in the class T;‘f(y,rx) if
and only if
1+pu—a

ooB"na—a—&—l—oc k+k2a§
)y e L
(0<g<1,,0<u<1,0<a<1l,zeD).

This result is indeed sharp for a function f in the form

1+}l—0¢ k

flz)=z— Z5, (0<g<1,0<u<1,0<a<1lzeD,).
Yq(3) (B () [ap — -+ (1= ap) K], + pulk]3])
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Similarly, we can prove the following theorem.
Theorem 2. Let n € NUU{0} be a fixed number. A function f € U is a member in the class
ICg,‘X(y, «) if and only if

kéqbk(lJr#[k]q)ak ST+ (Brg(s) —p+1) —a, (13)

(0<g<1,0<B<1,0<u<1,0<a<1l,zeD),

where ¢y is given by (12).
This result is sharp for a function f given by

T+ p)(Brg(s) —p+1) —a

flz)=z- PAGESTEN Z,0<g<1,0<8<1,0<pu<1,0<a<1,z€D).

Putting B = 0 in Theorem 2, we derive a corollary as follows.

Corollary 2. Let n € NUU{0} be a fixed number. A function f € U is in the class N;"R(y, ) if
and only if

1+u—a

,0<g<1,0<u<1,0<u<1,z€D.
74(5) 1 :

ZB’;(n)akg
k=2
(0<g<1,,0<€u<1,0<a<1l,zeD).

This result is indeed sharp for a function f in the form

1 —
f(z)zz_%, 0<g<1,,0<u<1,0<a<1zeD).
q q

Theorem 3. Let the function f be given by (1) and ¢y be given by (12). If f is in the class
T;’/{Y (u, &), then we have

- (1‘1‘.“_“)(,3’)’3(5)_,34‘1)( ap—a )
klqar < 1 . 14
S FRTN a—ar—ap il +piz)

Proof. By using the assertion (11) in Theorem 1, we obtain

(=t (1 k], 062) Y < % (-t (1 g b + k2t
k=2 k=2
< (+p-a)(BriE) — B+ 1),
which immediately yields
s (tp- ) D

i ge(n— ot (=), + )

Furthermore, by using the inequality (11), we have

(15)

[e9)

pulee =) 3 (1~ pH],) L

< ,i"”‘(“_“’” (1= )kl + B2 < (14— ) (B2 () — B+ 1).
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It follows from the inequality (15) that

w0 (L4 p—a)(Brj(s) —p+1)
cpk(l—txﬂ‘i‘#[k]q)k;[k]qak < ("‘_"‘”)ay—Z+(1—121)[k}q+#[k]5
+ (A+p—a)(Bry(s) - B+1).

Hence, we derived the desired inequality as presented in (14). [

Putting B = 0 in Theorem 3, we state without proof a corollary as follows.

Corollary 3. Let f be a function furnished by (1). If f is in the class T;f(y, w), then we have

= 1+pu—a ap—u
klqar = 1 . 16
k:EZ[ oo 'yq(s)B’l;(n)[l —ocpt—ky[k]q} ( i ap —a+ (1 —“l‘)[k}q +V[k]§> 1o

Similarly, by invoking inequality (13) in Theorem 2, we prove a new theorem as follows.

Theorem 4. Let f be a function given by (1) and ¢y, be given by (12). If f is in the class N:;f (u,u),
then we have

= (W) - prD) -

=1 o (1+ wlK], )
and
© 1+ "s)—B+1 1
A (R PR W B SN
= K L+ ulkly)  pe(1+ plklq)
Putting B = 0 in Theorem 4, we derive a new corollary as follows.
Corollary 4. Let the function f be given by (1). If f is in the class N anR (u, ), then we have
a 1+u < 1 ) ®
klgay = —————(1— + . (18)
L = B\ T ) @B (L )

In the following, we have the following growth and distortion theorem for the defined
subclasses of univalent functions.

Theorem 5. Let a function f be given by (1). If f € T;‘;"I;L(y, «), then we have

o (+p—a)(Bry(s) —p+1) (1+p—a)(Brg(s) —p+1)

r—r <|f(z)] <7 +7r? / (19)
(o — o+ (1= o) [Kly + lK2) 9 (ot — e+ (1= ap) Ky + plKZ)
where ¢y, is defined in assertion (12).
Proof. Since f € T;/{Y (u,a),let z — 17 in the above inequality to have
© 1+u—«a Ms)—p+1
- (I+p—a)(Bry(s) —p+1) 20)

i oo at (- aplt], + plk2)
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In addition, since the function f is given by (1), we obtain
2y k-2 2y k-2
2l = 1217 2o a2l < U (2)] < Jzl + |21 ) aelz=
k=2 k=2
Thus, it gives
2l = |2 ) ax < 1f(2)] < |zl + |22 } k.
k=2 k=2
Hence, by using the inequality (20) we obtain the desired inequality of (19). O

Putting B = 0 in Theorem 5, we derive the following corollary.
Corollary 5. Let f be a function given by (1). If f € T;”f(y, w), then we have

rr R < If(2)
By ) (s) (ap—a+ (1— )kl + lk3)

(1+p—a)

<r+r? .
B (n) 7y (s) (ap — &+ (1 — ap) [l + kT3

By following a proof similar to the proof of Theorem 5, we prove the following theorem.

Theorem 6. Let f be a function given by (1). If f € T;“;"I;\(y, «), then we have

’qu(zﬂ§1+r(1+u)(ﬁ72(5)—ﬁ+1) (1 1 > P

1 T, ) T e k)
(14 1) (B2(s) — B+ 1) (1 1 .

[Dyf(z)| 21— 1x a 1+#[k}q> * uepr(1+ ulklg)

where ¢y is defined in assertion (12).
Putting B = 0 in the Theorem 5, we derive the following corollary.

Corollary 6. Let the function f be given by (1). If f(z) € T:ﬁ(y,a), then we have

1+pu—a <1+ ap — >
Y9($)BE0n) [1 =+ pli, |\ o= at (L= ) W+ ik )

[Daf(2)| <147

1+py—« <1+ oy — K )
Yo(5)BE(n) [1 - ap -+ i, ap—a+ (1 —ap) (K], + ulkl;

IDaf(2)| =1 -7

3. Inclusion Relations Involving the (#, §)-Neighborhoods

In this section, we derive inclusion relations associated with the (#, §)-neighbourhoods
and properties for each of the following subclasses of univalent functions with negative
coefficients as follows.

Theorem 7. Let f be given by (1), ¢y be given by (12) and h(z) = z for each z € D. If f is in the
class T;”;\P (y, ), then we have

T (&) © Nig(h), (1)
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where

5 (1+ﬂ—“)(ﬁ73(5)—ﬁ+1)<1+ ap—a )
o1 — au + pli, | ap — o+ (1= ap) K], + plk)?
Proof. By using the definition of N, (/) in (8), which is given when g is replaced by f, and
using inequality (14) in Theorem 3, we derive the assertion presented (22). O

Similarly, by using the inequalities (16)-(18) and the definition of N, (/) presented
in (8), we derive the three following theorems.

Theorem 8. Let f be a function be given by (1) and h(z) = z for each z € D. If f belongs to the
class T;,’)If( U, ), then we have

TR (1,0) € Ny (1),
where

1+pu—a

5= <1+ s )
Yq()BE(n) [1 — au + pli, | ap — o+ (1—ap) K], + [k

Theorem 9. Let f be a function given by (1), ¢y be given by (12) and h(z) = z for each z € D. If
f falls in the class N, q”):Y (u, ), then we have

NP (&) € Ny (), (22)
where

0=

A+wBrls) -+ 1 &
1Py (1 1+#[k}q>+u¢k(l+#[k]q)'

Theorem 10. Let the function f be given by (1) and h(z) = z for each z € D. If f is in the class
N;”)\R(y, a), then we have

N (1, 0) € Nig(h),

where

o

._ +u 1
* = i G)BE) <1 1 +mk1q) T OB (1 + k)

Definition 5. The function f € U is said to belong to the class S;’;\P( U, Q) if there exists a function
g€ N;’f(y,a)) such that

fl2)
e R ELBEL R
where
g(z) =z+ i buz", (z € D). (23)

k=2
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Theorem 11. Let the function f be given by (23), ¢ be given by (12) and g € N;f(y,a)). If

26k (1 + plklg)

e 2]y (pe(1+ulK,) = L+ ) (Br(s) = p+1))

then we have
Niq(h) €SP (1, 0)-

Proof. Suppose that f € N;;(g), then in view of the relation (7), we have
E[k]q‘”k_bﬂ S 0. (24)
k=2

Since {[n];} is a non-decreasing sequence, we obtain

(0] [e0)

Y [2lglax — bel < ) [Klglax — byl-
k=2 k=2
This implies that
[2lg Y lax — b < ) [klglax — bil,
k=2 k=2

which, in view of the inequality (24), reveals

Z|ﬂk*bk|§i, (0<g<1,6>0).
k=2 2]q

Therefore, for a function g in the class SZ,'/‘\Y(V/ (), expressed by (23), by using the

inequality (17), we obtain

c (R B
LS gy

By applying the equations (1) and (23) and the fact that |z| < 1, we get

181 - R | < Hope .
= [és]q(lz;w) (26)
el 14 ulk
- [f],, ¢k(1+u[k1q)¢(uj)i;)ms);m) | @7
If we set
[<1- 26¢x (1 + p[K]y)

21 (9 (14 lkl,) = 1+ ) (Br(s) = p+1))

then, in view of the definition (5) and the inequality (25), we obtain that f € S;}/ (u,0). Hence,
the proof of the theorem is completed. O

Putting B = 0 in Theorem 11 leads to the following theorem.
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Theorem 12. Let the function f be given by (23) and g € /\/’;;\R(y, ). If

2074(s) By () (1 + plkly)

e 121 (va(s)BE(m) (1 + wlK], ) = (14+0))

then we have
Njq(h) € Sp3 (1,0)-

4. Conclusions

In the present work, certain analytic functions and new g-analogues of the Salagean
differential operator are, respectively, obtained by using a modified g-Sigmoid function and
a recent idea of Salagean. In addition, certain classes of analytic univalent functions associ-
ated with new g-Salagean differential operators and g-Ruscheweh operators are obtained.
Moreover, coefficient bounds for functions in the mentioned subclasses and the growth
and distortion theorems are established. Following the concept of (g, §)-neighbourhoods
of analytic univalent functions, several inclusion relations for the (g, §)-neighbourhood of
these functions are discussed.

Author Contributions: Conceptualization, E.A. and S.A.-O.; methodology, M.E,; software, M.F,;
validation, E.A.; investigation, K.N.; resources, E.A.; writing—original draft preparation, E.A.;
writing—review and editing, E.A.; funding acquisition, K.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research has received funding support from the National Science, 43 Research and
Innovation Fund (NSRF), Thailand.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors are thankful to the editors and reviewers for their valuable sugges-
tions and comments.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Aral, A.; Gupta, V. Generalized g-Baskakov operators. Math. Slovaca 2011, 61, 619-634. [CrossRef]

2. Aral, A,; Gupta, V. On the Durrmeyer type modification of the g-Baskakov type operators. Nonlinear Anal. 2010, 72, 1171-1180.
[CrossRef]

3.  Abu-Risha, M.H.; Annaby, M.H.; Ismail, M.E.H.; Mansour, Z.S. Linear g-difference equations. Anal. Anwend. 2007, 26, 481-494.
[CrossRef]

4. Kac, V.G,; Cheung, P. Quantum Calculus. Universitext; Springer: New York, NY, USA, 2002.

5. Gumah, G,; Naser, M.; Al-Smadi,M.; Al-Omari, S.A; Baleanu, D. Numerical solutions of hybrid fuzzy differential equations in a
Hilbert space. Appl. Numer. Math. 2020, 151, 402—412. [CrossRef]

6.  Ayasrah, M.; AL-Smadi,M.; Al-Omari, S.; Baleanu, D.; Momani, S. Structure of optical soliton solution for nonlinear resonant
space-time Schrodinger equation in conformable sense with full nonlinearity term. Phys. Scr. 2020, 95, 105215.

7. Al-Smadi, M.; Djeddi, N.; Momani, S.; Al-Omari, S.; Araci, S. An attractive numerical algorithm for solving nonlinear Caputo-
Fabrizio fractional Abel differential equation in a Hilbert space. Adv. Differ. Equ. 2021, 2021, 271. [CrossRef]

8. Momani, S.; Djeddi, N.; Al-Smadi, M.; Al-Omari, S. Numerical investigation for Caputo-Fabrizio fractional Riccati and Bernoulli
equations using iterative reproducing kernel method. Appl. Numer. Math. 2021, 170, 418-434. [CrossRef]

9.  Mohammed, S.; Alabedalhad, M.; Al-Omari, S.; Al-Smadi, S. Abundant exact travelling wave solutions for a fractional massive
Thirring model using extended Jacobi elliptic function method. Fractal Fract. 2022, 6, 252.

10. Jackson, EH. On g-definite integrals. Quart. |. Pure Appl. Math. 1910, 41, 193-203.

11. Gasper, G.; Rahman, M. Basic Hypergeometric Series, 2nd ed.; Cambridge University Press: Cambridge, UK, 2004.

12.  Srivastava, H.M. Operators of basic (or ¢-) calculus and fractional g-calculus and their applications in geometric function theory

of complex analysis. Iran. J. Sci. Technol. Trans. A Sci. 2020, 44, 327-344. [CrossRef]


http://doi.org/10.2478/s12175-011-0032-3
http://dx.doi.org/10.1016/j.na.2009.07.052
http://dx.doi.org/10.4171/ZAA/1338
http://dx.doi.org/10.1016/j.apnum.2020.01.008
http://dx.doi.org/10.1186/s13662-021-03428-3
http://dx.doi.org/10.1016/j.apnum.2021.08.005
http://dx.doi.org/10.1007/s40995-019-00815-0

Symmetry 2022, 14,1725 13 of 14

13.

14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

Arif, M,; Srivastava, H.M.; Umar, S. Some application of a g-analogue of the Ruscheweyh type operator for multivalent functions.
Rev. Real Acad. Cienc. Exactas Fis. Natur. Ser. A Mat. 2019, 113, 1121-1221. [CrossRef]

Ismail, M.E.H.; Merkes, E.; Styer, D. A generalization of starlike functions. Complex Var. Theory Appl. 1990, 14, 77-84. [CrossRef]
Mahmood, S.; Sokol, J. New subclass of analytic functions in conical domain associated with Ruscheweyh g-differential operator.
Results Math. 2017, 71, 1345-1357. [CrossRef]

Kanas, S.; Rdducanu, D. Some class of analytic functions related to conic domains. Math. Slovaca 2014, 64, 1183-1196. [CrossRef]
Chandak, S.; Suthar, D.L.; Al-Omari, S.; Gulyaz-Ozyurt, S. Estimates of classes of generalized special functions and their
application in the fractional (k,s)-calculus theory. |. Funct. Spaces 2021, 2021, 9582879. [CrossRef]

Vijaya, K.; Murugusundaramoorthy, G.; Kasthuri, M. Starlike functions of complex order involving g-hypergeometric functions
with fixed point. Annales Universitatis Paedagogicae Cracoviensis. Stud. Math. 2014, 13, 51-63.

Murugusundaramoorthy, G.; Vijaya, K.; Janani, T. Subclasses of Starlike functions with a fixed pPoint involving q-hypergeometric
function. J. Anal. Numb. Theory 2016, 4, 41-47. [CrossRef]

Catas, A. On the Fekete-Szego Problem for Meromorphic Functions Associated with p, g-Wright Type Hypergeometric Function.
Symmetry 2021, 13, 2143. [CrossRef]

Amini, E.; Al-Omari, S.; Nonlaopon, K.; Baleanu, D. Estimates for coefficients of Bi-univalent functions associated with a fractional
g-difference Operator. Symmetry 2022, 14, 879. [CrossRef]

Graham, I.; Kohr, G. Geometric Function Theory in One and Higher Dimensions, 1st ed.; Amsterdam University Press: Amsterdam,
The Netherlands, 2003.

Salagean, G.S. Subclass of univalent functions. Lect. Note Math. 1983, 1013, 362-372.

Ruscheweyh, S. New criteria for univalent functions. Proc. Am. Math. Soc. 1975, 49, 109-115. [CrossRef]

Al-Oboudi, EM. On univalent functions defined by a generalized Salagean operator. Int. J. Math. Math. Sci. 2009, 27, 1429-1436.
[CrossRef]

Aldweby, H.; Darus, M. Some Subordination Results on g-analogue of Ruscheweyh Differential Operator. Abstr. Appl. Anal. 2014,
2014, 958563. [CrossRef]

Seoudy, T.M. Some subclasses of univalent functions associated with -Ruscheweyh derivative operator. Ukr. Mat. Zhurnal 2022,
74,122-136. [CrossRef]

Khan, S.; Hussain, S.; Zaighum, M.A.; Khan, M.M. New Subclass of Analytic Functions in Conical Domain Associated with
Ruscheweyh g-Differential Operator. Inter. J. Anal. Appl. 2018, 18, 239-253.

Al-Omari, S. On a g-Laplace-type integral operator and certain class of series expansion. Math. Methods Appl. Sci. 2020, 44,
8322-8332. [CrossRef]

Al-Omari, S. Estimates and properties of certain g-Mellin transform on generalized g-calculus theory. Adv. Differ. Equ. 2021, 233,
1-15. [CrossRef]

Al-Omari, S.Q. On g-analogues of the Natural transform of certain g-Bessel functions and some application. Filomat 2017, 31,
2587-2598. [CrossRef]

Hristov, ]. Approximate solutions to fractional subdiffusion equations. Eur. Phys. ]. Spec. Top. 2011, 193, 229-243. [CrossRef]
Lupas A. A g-analogue Bernstein operator, Seminar on Numerical and Statiscal Calculus. Univ. Cluj-Napoca 1987, 9, 85-92.
Al-qudah, Y.; Alaroud, M.; Qoqazeh, H.; Jaradat, A.; AlHazmi, S.; Al-Omari, S.K. Approximate Analytic-Numeric Fuzzy Solutions
of Fuzzy Fractional Equations Using Residual Power Series Approach. Symmetry 2022, 14, 804. [CrossRef]

Al-Omari, S.; Baleanu, D.; Purohit, S. Some results for Laplace-type integral operator in quantum calculus. Adv. Differ. Equ. 2018,
2018, 124. [CrossRef]

Al-Omari, S. On g-analogues of Mangontarum transform of some polynomials and certain class of H-functions. Nonlinear Stud.
2016, 23, 51-61.

Al-Omari, S. g-analogues and properties of the Laplace-type integral operator in the quantum calculus theory. J. Inequal. Appl.
2020, 2020, 203. [CrossRef]

Srivastava, H.; Karlsson, P. Multiple Gaussian hypergeometric Series; Halsted Press, Ellis Horwood Limited: Chichester, UK; John
Wiley and Sons: New York, NY, USA; Chichester, UK; Brisbane, Australia; Toronto, ON, Canada, 1985.

Al-Omari, S. The g-Sumudu transform and its certain properties in a generalized g-calculus theory. Adv. Differ. Equ. 2021, 10, 10.
[CrossRef]

Al-Omari, S.; Almusawa, H.; Nisar, K. A new aspect of generalized integral operator and an estimation in a generalized function
theory. Adv. Contin. Discret. Model. Theory Appl. 2021, 2021, 357.

Al-Omari, S.; Suthar, D.; Araci, S. A fractional g-integral operator associated with certain class of g-Bessel functions and
g-generating series. Adv. Contin. Discret. Model. Theory Appl. 2022, in editing.

Fardi, M.; Al-Omari, S.K.; Araci, S. A Pseudo-Spectral Method Based on Reproducing Kernel for Solving the Time-Fractional
Diffusion-Wave Equation. Adv. Contin. Discret. Model. Theory Appl. 2022, in editing.

Annaby, M.H.; Mansour, Z.S. g-Fractional Calculus and Equations; Springer Publishing: Berlin/Heidelberg, Germany, 2012.
Altintas, O.; Irmak, H.; Srivastava, H. Fractional calculus and certain starlike functions with negative coefficients. Comp. Math.
Appl. 1995, 30, 9-15. [CrossRef]


http://dx.doi.org/10.1007/s13398-018-0539-3
http://dx.doi.org/10.1080/17476939008814407
http://dx.doi.org/10.1007/s00025-016-0592-1
http://dx.doi.org/10.2478/s12175-014-0268-9
http://dx.doi.org/10.1155/2021/9582879
http://dx.doi.org/10.18576/jant/040107
http://dx.doi.org/10.3390/sym13112143
http://dx.doi.org/10.3390/sym14050879
http://dx.doi.org/10.1090/S0002-9939-1975-0367176-1
http://dx.doi.org/10.1155/S0161171204108090
http://dx.doi.org/10.1155/2014/958563
http://dx.doi.org/10.37863/umzh.v74i1.2337
http://dx.doi.org/10.1002/mma.6002
http://dx.doi.org/10.1186/s13662-021-03391-z
http://dx.doi.org/10.2298/FIL1709587A
http://dx.doi.org/10.1140/epjst/e2011-01394-2
http://dx.doi.org/10.3390/sym14040804
http://dx.doi.org/10.1186/s13662-018-1567-1
http://dx.doi.org/10.1186/s13660-020-02471-0
http://dx.doi.org/10.1186/s13662-020-03147-1
http://dx.doi.org/10.1016/0898-1221(95)00073-8

Symmetry 2022, 14,1725 14 of 14

45. Goodman, A.W. Univalent functions and nonanalytic curves. Proc. Am. Math. Soc. 1957, 8, 598-601. [CrossRef]
46. Mahmood, S.; Raza, N.; AbuJarad, E.; Srivastava, G.; Srivastava, H.M.; Malik, S.N. Geometric Properties of Certain Classes of
Analytic Functions Associated with a g-Integral Operator. Symmetry 2019, 11, 719. [CrossRef]


http://dx.doi.org/10.1090/S0002-9939-1957-0086879-9
http://dx.doi.org/10.3390/sym11050719

	Introduction
	A Set of Coefficient q-Inequalities
	Inclusion Relations Involving the (n,)-Neighborhoods
	Conclusions
	References

