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1. Introduction

Recently, q-analysis has fascinated scholars due to various applications in many areas
of physics and mathematics. The applications of q-analysis were first considered by Jack-
son [1,2]. In recent years, some scholars have written a number of papers [3–15] associated
with q-starlike functions and the Janowski functions [16]. In particular, Srivastava [17,18]
pointed out some applications and mathematical explanations of q-derivatives in GFT.
In this paper, we consider several families of meromorphically multivalent q-starlike func-
tions by making use of the Janowski function and the higher-order q-derivative. Certain
sufficient conditions and coefficient inequalities for functions in these subclasses are derived.
Moreover, several previous results are generalized.

Let Σ(p)(p ∈ N) denote the family of p-valent analytic functions in U∗ = {z : 0 <
|z| < 1} which have the following form:

f (z) = z−p +
∞

∑
k=1

ak−pzk−p. (1)

Furthermore, we let Σ(1) = Σ.
If f ∈ Σ(p) satisfies the condition

Re
(
− z f ′(z)

f (z)

)
> 0, (2)

then f is called a meromorphic p-valent starlike function. We note the family by MΣ∗(p)
and write MΣ∗(1) = MΣ∗. The class MΣ∗ was studied by Pommerenke [19].

If f ∈ Σ(p) satisfies the condition

Re
(
− (z f ′(z))′

f ′(z)

)
> 0, (3)
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then f is called a meromorphic p-valent convex function. We note this family by MC(p)
and write MC(1) = MC.

If a function ψ is analytic in U = U∗ ∪ {0} and satisfies

ψ(z) = 1 +
∞

∑
k=1

ψkzk (4)

and
Re
(
ψ(z)

)
> 0,

then ψ is said to be in the family P.
Let ϕ be analytic in U and ϕ(0) = 1. If ϕ satisfies

ϕ(z) ≺ Az + 1
Bz + 1

(−1 5 B < A 5 1),

then ϕ is said to be in P[A, B].
In [16], Janowski studied the family P[A, B] and obtained that ϕ is in P[A, B] if

ϕ(z) =
(1− A) + (1 + A)ψ(z)
(1− B) + (1 + B)ψ(z)

(ψ ∈ P;−1 5 B < A 5 1).

Let f and g be analytic in U. If there exists w analytic in U with w(0) = 0 and
|w(z)| < 1, so that f (z) = g(w(z)), then we say that f is subordinate to g, written by f ≺ g.
Further, if the function g is analytic and univalent in U, then

f ≺ g (z ∈ U) ⇐⇒ f (U) ⊂ g(U) and f (0) = g(0).

Definition 1. Let f ∈ Σ. Then f is called to be in MΣ∗[A, B] if

− z f ′(z)
f (z)

=
(1− A) + (1 + A)ψ(z)
(1− B) + (1 + B)ψ(z)

(−1 5 B < A 5 1; ψ ∈ P). (5)

In [20], Karunakaran studied the family MΣ∗[A, B].
Let 0 < q < 1 and define [τ]q as the following:

[τ]q =


qτ − 1
q− 1

(τ ∈ C)

∑n−1
k=0 qk = 1 + q + q2 + · · ·+ qn−1 (τ = n ∈ N).

Let 0 < q < 1. The q-factorial [m]q! is defined by

[m]q! =
{

1 (m = 0)
Πm

k=1[k]q (m ∈ N).

Let γ ∈ N. We define q-Pochhammer symbol [γ]q,n by (see [21])

[γ]q,n =

{
1 (n = 0)
Πγ+n−1

k=γ [k]q (n ∈ N).

Specifically, we write [0]q,n = 0.
Next, we define the q-derivative Dq (0 < q < 1) for f ∈ Σ(p) by

(Dq f )(z) =
f (zq)− f (z)

z(q− 1)

= −
p

∑
k=1

(
[k]q,1

qk

)
a−kz−1−k +

∞

∑
k=1

[k]qakz−1+k, (6)
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where a−p = 1.
From (6), we can see that

lim
q→1

(Dq f )(z) = lim
q→1

f (zq)− f (z)
z(q− 1)

= f ′(z).

Further, one can find that

(D(2)
q f )(z) =

p

∑
k=1

(
[k]q,2

q2k+1

)
a−kz−k−2 +

∞

∑
k=2

[k− 1]q,2akzk−2, (7)

(D(3)
q f )(z) = −

p

∑
k=1

(
[k]q,3

q3k+3

)
a−kz−k−3 +

∞

∑
k=3

[k− 2]q,3akzk−3, (8)

· · · · · · · · ·

(D(p)
q f )(z) = (−1)p

p

∑
k=1

(
[k]q,p

qp[k+ 1
2 (p−1)]

)
a−kz−k−p +

∞

∑
k=p

[k− p + 1]q,pakzk−p, (9)

where a−p = 1 and D(p)
q is called pth order q-derivatives.

Definition 2. Let f ∈ Σ. If f satisfies∣∣∣∣ qzDq f (z)
f (z)

+
1

1− q

∣∣∣∣ < 1
1− q

, (10)

then f is called to be in the meromorphic q-starlike function family MΣ∗q .

It is easily seen that, when q→ 1−, the disk given by (10) becomes

Re
(
− z f ′(z)

f (z)

)
> 0.

Thus, the class MΣ∗q reduces to the meromorphic starlike function family MΣ∗ (see [19]).
Furthermore, we can rewrite (10) as the following:

−
qzDq f (z)

f (z)
≺ ĥ(z) where ĥ(z) =

z + 1
1− qz

.

Further, the meromorphic q-convex function family MCq could be derived by

f (z) ∈ MCq ⇔ −qzDq f (z) ∈ MΣ∗q .

Definition 3. If a function f ∈ Σ(p) satisfies

−
q2p−1z(D(p)

q f )(z)

[2p− 1]q(D(p−1)
q f )(z)

≺ (A + 1)ĥ(z) + (1− A)

(B + 1)ĥ(z) + (1− B)

(
ĥ(z) =

z + 1
1− qz

− 1; 5 B < A 5 1
)

,

or, equivalently,

−
q2p−1z(D(p)

q f )(z)

[2p− 1]q(D(p−1)
q f )(z)

≺ s(z), (11)

where

s(z) =
z(1 + A)− zq(1− A) + 2
z(1 + B)− zq(1− B) + 2

(0 < q < 1; −1 5 B < A 5 1), (12)

then f is in the family MΣ∗q [p, A, B].
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Remark 1. We write the following special cases:

(i) MΣ∗q [1, A, B] = MΣ∗q [A, B], when p = 1.
(ii) limq→1− MΣ∗q [1, A, B] = MΣ∗[A, B], when p = 1.
(iii) MΣ∗q [p, A, B] = MΣ∗q [α], when p = 1, A = 1− 2α (0 5 α < 1) and B = −1. In [19],

Pommerenke considered the family MΣ∗q [α] .

Now we define the meromorphic q-convex function family MCq[p, A, B] by

f ∈ MCq[p, A, B] ⇐⇒ (−1)pq
1
2 p(3p−1)

[p]q,p
zpD(p)

q f ∈ MΣ∗q [p, A, B].

In particular, we write MCq[p, A, B] = MCq[A, B] when p = 1.

Lemma 1 ([22]). Let ψ(z) = 1 + ψ1z + ψ2z2 + · · · belong to the family P. Then

|ψ2 − νψ2
1 | 5


4ν− 2 (ν > 1)
2 (0 5 ν 5 1)
−4ν + 2 (ν < 0).

(13)

Lemma 2 ([23]). Let h(z) = 1 + ∑∞
k=1 hkzk be analytic in U. Furthermore, let H(z) = 1 +

∑∞
k=1 Ckzk be univalent convex in U. If h(z) ≺ H(z), then

|hk| 5 |C1| (k = 1).

2. Main Results

Theorem 1. If

g(z) = z−p +
∞

∑
k=1

a−p+kz−p+k ∈ MΣ∗q [p, A, B] (p = 2),

then

|a2−p − µa2
1−p| 5



(
A−B

2

)(
[2p−3]q,3

q2p−2[p−2]q,2

)
Λ(q) (µ > σ1)(

A−B
2

)(
[2p−3]q,3

q2p−2[p−2]q,2

)
(σ2 5 µ 5 σ1)(

B−A
2

)(
[2p−3]q,3

q2p−2[p−2]q,2

)
Λ(q) (µ < σ2),

where

Λ(q) =

{ {
(1 + Bq[2p− 2]q − A[2p− 1]q)(q + 1)− 2

}
[p− 1]q[2p− 3]q

+µ(q + 1)2(A− B)[2p− 2]q,2[p− 2]q

}
2[p− 1]q[2p− 3]q

,

σ1 =
[p− 1]q[2p− 3]q{4 + (q + 1)(A[2p− 1]q − qB[2p− 2]q − 1)}

(q + 1)2(A− B)[p− 2]q[2p− 2]q,2

and

σ2 =
[p− 1]q[2p− 3]q{(q + 1)(A[2p− 1]q − 1− qB[2p− 2]q)}

4(q + 1)2(A− B)[p− 2]q[2p− 2]q,2
.

Proof. From the assumption of the theorem, we obtain

−
q2p−1z(D(p)

q g)(z)

[2p− 1]q(D(p−1)
q g)(z)

≺ φ(z),
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where

φ(z) =
2− q(1− A)z + (1 + A)z
2− q(1− B)z + (1 + B)z

.

This gives that

−
q2p−1z(D(p)

q g)(z)

[2p− 1]q(D(p−1)
q g)(z)

= φ(w(z)),

where w(z) is a Schwarz function. Now a function h(z) is defined as follows:

h(z) =
1 + w(z)
1− w(z)

= 1 +
∞

∑
n=1

hnzn ∈ P.

Furthermore, one can see that

φ(w(z)) =
2(h(z) + 1− q(h(z)− 1)) + (1 + A)(q + 1)(h(z)− 1)
2(h(z) + 1− q(h(z)− 1)) + (1 + B)(q + 1)(h(z)− 1)

= 1 +
1
4
(1 + q)(A− B)h1z +

1
16

(1 + q)(A− B)
{

4h2 − (B(1 + q)− q + 3)h2
1

}
z2 + · · · .

Similarly, we find that

−
q2p−1z(D(p)

q g)(z)

[2p− 1]q(D(p−1)
q g)(z)

= 1−
[p− 1]q

[2p− 2]q,2
qp−1a1−pz

+
[p− 1]q

[2(p− 1)]q,2
q2(p−1)

(
[p− 1]q

[2(p− 1)]q
a2

1−p −
[p− 2]q
[2p− 3]q

(1 + q)a2−p

)
z2 + · · ·

for p = 2. Therefore, for p = 2, we obtain

a1−p = −
(q + 1)(A− B)[2(p− 1)]q,2

4qp−1[p− 1]q
h1 (14)

and

a2−p =
(A− B)[2p− 3]q,3

q2p−2[p− 2]q,2

(
1
16

k1(q)h2
1 −

1
4

h2

)
, (15)

where
k1(q) = (1 + q){A[2p− 1]q − B([2p− 1]q − 1)− 1}+ 4. (16)

Hence we obtain for p = 2 that

|a2−p − µa2
1−p| =

(
A− B

4

)(
[2p− 3]q,3

q2p−2[p− 2]q,2

)
|h2 − k2h2

1|, (17)

where

k2 =
[p− 1]q[2p− 3]qk1(q)− µ[2(p− 1)]q,2[p− 2]q(A− B)(q + 1)2

4[2p− 3]q[p− 1]q

with k1(q) given by (16).
Now we can see that the conditions µ > σ1, σ2 5 µ 5 σ1 and µ < σ2 in Theorem 1

imply that k2 < 0, 0 5 k2 5 1 and k2 > 1, respectively. By applying Lemma 1 in (17), the
desired result is obtained. This proves Theorem 1.

Applying the same method as in the proof of Theorem 1, we obtain the following
theorem for the case p = 1.



Axioms 2022, 11, 509 6 of 10

Theorem 2. If

g(z) = z−1 +
∞

∑
k=1

ak−1zk−1 ∈ MΣ∗q [A, B],

then

|a1 − µa2
0| 5


(

A−B
4

)
[(1− A)q + µ(q + 1)2(A− B)− A− 1]

(
µ > (A−1)q+A+3

(A−B)(q+1)2

)
A−B

2

(
A−1

(A−B)(q+1) 5 µ 5 (A−1)q+A+3
(A−B)(q+1)2

)(
B−A

4

)
[(1− A)q + µ(q + 1)2(A− B)− A− 1]

(
µ < A−1

(A−B)(q+1)

)
.

Letting q → 1−, A = 1 and B = −1 in Theorem 2, we obtain a result of the known
family MΣ∗.

Corollary 1. If

g(z) = z−1 +
∞

∑
k=1

ak−1zk−1 ∈ MΣ∗,

then ∣∣∣a1 − µa2
0

∣∣∣ 5


4µ− 1 (µ > 1
2 )

1 (0 5 µ 5 1
2 )

1− 4µ (µ < 0).

Theorem 3. Let p = 2. If

g(z) = z−p +
∞

∑
k=1

a−p+kz−p+k ∈ MΣ∗q [p, A, B],

then ∣∣∣a−p+k

∣∣∣ 5 k

∏
j=1

2[j− 1]q + [2p− 1]q(q + 1)(A− B)
2[j]qqp−1[p− j]q

(18)

for 1 5 k 5 p− 1.

Proof. If g belongs to MΣ∗q [p, A, B], then

ψ(z) := −
q2p−1z(D(p)

q g)(z)

[2p− 1]q(D(p−1)
q g)(z)

≺ φ(z), (19)

where

φ(z) =
z(1 + A)− zq(1− A) + 2
z(1 + B)− zq(1− B) + 2

= 1− 1
2
(1 + q)(B− A)z +

1
4
(1 + q)(B− A){1 + B(1 + q)− q}z2 + · · · .

Let

ψ(z) = 1 +
∞

∑
k=1

ψkzk.

Applying Lemma 2, we obtain

|ψk| 5
1
2
(q + 1)(A− B) (k = 1). (20)

Furthermore, from (19), we have

−q2p−1z(D(p)
q g)(z) = {[2p− 1]q(D(p−1)

q g)(z)}ψ(z),
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which implies that

− q2p−1

(
p

∑
k=1

(−1)p[k]q,p

qp[k+ 1
2 (p−1)]

a−kz−p−k+1 +
∞

∑
k=p

[−p + k + 1]q,pakz−p+k+1

)

= [2p− 1]q

(
1 +

∞

∑
k=1

ψkzk

)(
p

∑
k=1

(−1)p−1[k]q,p−1

q[k+
1
2 (p−2)](p−1)

a−kz−p−k+1

+
∞

∑
k=p−1

[2 + k− p]q,p−1akz−p+k+1

)
,

where a−p = 1.
It is easily seen from the above formula that

|a−p+k| 5
(A− B)(q + 1)[2p− 1]qq

1
2 (p−1)(3p−2k−2)

2[k]q[p− k]q,p−1

k

∑
l=1

[p + l − k]q,p−1

q
1
2 (3p−2k+2l−2)(p−1)

∣∣∣ak−p−l

∣∣∣ (21)

for 1 5 k 5 p− 1.
Now

|a1−p| 5
[2p− 2]q,2(1 + q)(A− B)

2qp−1[p− 1]q
,

|a2−p| 5
q

1
2 (p−1)(3p−6)[2p− 1]q(1 + q)(A− B)

2[p− 2]q,p−1[2]q

{
[p]q,p−1

q
1
2 (3p−2)(p−1)

+
[p− 1]q,p−1

q
1
2 (3p−4)(p−1)

|a1−p|
}

=
(1 + q)(A− B)[2p− 2]q,2

2qp−1[p− 1]q
·
{2 + [2p− 1]q(1 + q)(A− B)}[2p− 3]q

2qp−1[2]q[p− 2]q
,

· · · · · · · · ·

|ak−p| 5
k

∏
j=1

2[j− 1]q + (1 + q)(A− B)[2p− 1]q
2qp−1[j]q[p− j]q

for 1 5 k 5 p− 1. This proves Theorem 3.
Applying the same methods as in the proof of Theorem 3, we obtain the following

Theorems 4 and 5.

Theorem 4. Let p = 2. If g(z) = z−p + ∑∞
k=1 a−p+kz−p+k belongs to MCq[p, A, B], then

|a−p+k| 5
[p]q,p

qpk[p− k]q,p

k

∏
n=1

[2p− 1]q(1 + q)(A− B) + 2[n− 1]q
2[n]qqp−1[p− n]q

for 1 5 k 5 p− 1.

Theorem 5. Let g(z) = z−1 + ∑∞
k=1 ak−1zk−1 belong to MΣ∗q [A, B]. Then

|ak−1| 5
k

∏
n=1

(1 + q)(A− B) + 2[n− 1]q
2[n]q

for k = 2.

Letting q→ 1−, A = 1− 2α (0 5 α < 1) and B = −1 in Theorem 5, we have a result
of the known family MΣ∗(α).

Corollary 2. Let g(z) = z−1 + ∑∞
k=1 ak−1zk−1 ∈ MΣ∗(α). Then
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|ak−1| 5
k

∏
j=1

j− 2α + 1
j

for k = 2.

The following equivalence could help us to study the family MΣ∗q [p, A, B]:

g ∈ MΣ∗q [p, A, B] ⇐⇒

∣∣∣∣∣∣∣∣∣
(1− B)

{
q2p−1z(D(p)

q g)(z)

[2p−1]q(D(p−1)
q g)(z)

}
+ (1− A)

(1 + B)
(
− q2p−1z(D(p)

q g)(z)

[2p−1]q(D(p−1)
q g)(z)

)
− (1 + A)

− 1
1− q

∣∣∣∣∣∣∣∣∣ <
1

1− q
.

Theorem 6. If a function g(z) = z−p + ∑∞
k=1 a−p+kz−p+k ∈ Σ(p) satisfies

p

∑
k=1

(
[k]q,p−1

q[k+
1
2 (p−2)](p−1)

){∣∣∣[2p− 1]q(1 + A)− [p + k− 1]qqp−k(1 + B)
∣∣∣+ 2[p− k]q

}
|a−k|

+
∞

∑
k=p

[k− p]q,p−1

{∣∣∣[2p− 1]q(1 + A)− [p + k− 1]qq2p−1(1 + B)
∣∣∣+ 2[k + p]q

}
|ak|

+ [2p− 1]q[p− 1]q!(2 + A)|ap−1| <
(A− B)[p]q,p

q
1
2 (3p−2)(p−1)

, (22)

then g ∈ MΣ∗q [p, A, B].

Proof. By a simple calculation, we obtain∣∣∣∣∣∣∣∣∣
(1− B)

{
q2p−1z(D(p)

q g)(z)

[2p−1]q(D(p−1)
q g)(z)

}
+ (1− A)

(1 + B)
{
− q2p−1z(D(p)

q g)(z)

[2p−1]q(D(p−1)
q g)(z)

}
− (1 + A)

− 1
1− q

∣∣∣∣∣∣∣∣∣
5

∣∣∣∣∣∣{−q2p−1z(D(p)
q g)(z)}(1− B)− [2p− 1]q(1− A)(D(p−1)

q g)(z)

{−q2p−1z(D(p)
q g)(z)}(1 + B)− [2p− 1]q(1 + A)(D(p−1)

q g)(z)
+ 1

∣∣∣∣∣∣+ q
1− q

= 2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣


∑

p
k=1

(−1)p−1[k]q,p−1[2p−1]q

q(p−1)[k+ 1
2 (p−2)]

a−kzp−k + ∑∞
k=p−1[k + 2− p]q,p[2p− 1]qakzk+p

+∑
p
k=1

(−1)p [k]q,pq2p−1

qp[k+ 1
2 (p−1)]

a−kzp−k + ∑∞
k=p q2p−1[k + 1− p]q,pakzn+p


(A− B) (−1)p−1[p]q,p

q
1
2 (p−1)(3p−2)

+ (A + 1)[p− 1]q![2p− 1]qap−1z2p−1

+∑
p−1
k=1

(−1)p−1[k]q,p−1

q(p−1)[k+ 1
2 (p−2)]

{[2p− 1]q(A + 1)− (1 + B)qp−k[p− 1 + k]q}a−kzp−k

+∑∞
k=p{[2p− 1]q(A + 1)− (B + 1)q2p−1[p− 1 + k]q}[k− p]q,p+1akzk+p



∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
+

q
1− q

5 2
∑

p−1
k=1

[k]q,p−1[p−k]q

q(p−1)[k+ 1
2 (p−2)]

|a−k|+ [p− 1]q![2p− 1]q|ap−1|+ ∑∞
k=p[k− p]q,p+1[k + p]q|ak|

(
[p]q,p

q
1
2 (p−1)(3p−2)

(A− B)− (1 + A)[p− 1]q![2p− 1]q|ap−1|
)

−∑
p−1
k=1

[k]q,p−1

q[k+
1
2 (p−2)](p−1)

∣∣∣{[2p− 1]q(A + 1)− (B + 1)[p + k− 1+]qqp−k
}∣∣∣|a−k|

−∑∞
k=p[k− p]q,p+1

∣∣{[2p− 1]q(A + 1)− (B + 1)q2p−1[p + k− 1]q
}∣∣|ak|



+
q

1− q
. (23)
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Now, it follows from (22) that the last expression in (23) is less than 1
1−q . This proves

Theorem 6.

Theorem 7. If a function g(z) = z−1 + ∑∞
k=1 ak−1zk−1 ∈ Σ satisfies

∞

∑
k=1

{
2[k]q +

∣∣q[k− 1]q(1 + B)− (1− A)
∣∣}|ak−1| < A− B, (24)

then g ∈ MΣ∗q [A, B].

Proof. By simple calculation, we have∣∣∣∣∣∣
(1− B)

(
qz(Dqg)(z)

g(z)

)
+ (1− A)

(1 + B)
(
− qz(Dqg)(z)

g(z)

)
− (1 + A)

− 1
1− q

∣∣∣∣∣∣
5

q
1− q

+ 2
∣∣∣∣ g(z) + qz(Dqg)(z)
q(1 + B)z(Dqg)(z) + (1 + A)

∣∣∣∣
=

q
1− q

+ 2
∣∣∣∣ ∑∞

k=1[k]q|ak−1|
(A− B)−∑∞

k=1[q(1 + B)[k− 1]q + (1 + A)]|ak−1|

∣∣∣∣. (25)

From (24) we can see that (25) is less than 1
1−q . This proves Theorem 7.

Letting A = 1− 2α (0 5 α < 1), B = −1 and q→ 1− in Theorem 7, we obtain a result
of the known family MΣ∗(α).

Corollary 3. If a function g(z) = z−1 + ∑∞
k=1 ak−1zk−1 ∈ Σ satisfies

∞

∑
k=1

(1 + k− α)|ak−1| < 1− α (0 5 α < 1),

then g ∈ MΣ∗(α).

Applying the same method as in the proof of Theorem 7, we obtain the following theorem.

Theorem 8. If a function g(z) = z−1 + ∑∞
k=1 ak−1zk−1 ∈ Σ satisfies

∞

∑
k=1

{
2[k]q +

∣∣q[k− 1]q(1 + B)− (1− A)
∣∣}[k− 1]q|ak−1| < A− B,

then g ∈ MCq[A, B].
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6. Güney H.Ö.; Oros G.I.; Owa S. An application of Sălăgean operator concerning starlike functions. Axioms 2022, 11, 50. [CrossRef]
7. Mahmmod, S.; Sokół, J. New subclass of analytic functions in conical domain associated with Ruscheweyh q-differential operator.

Results Math. 2017, 71, 1345–1357. [CrossRef]
8. Raza, M.; Srivastava, H.M.; Arif, M.; Ahmad, K. Coefficient estimates for a certain family of analytic functions involving a

q-derivative operator. Ramanujan J. 2021, 54, 501–519. [CrossRef]
9. Rehman, M.S.U.; Ahmad, Q.Z.; Srivastava, H.M.; Khan, N.; Darus, M.; Khan, B. Applications of higher-order q-derivatives to the

subclass of q-starlike functions associated with the Janowski functions. AIMS Math. 2021, 6, 1110–1125. [CrossRef]
10. Srivastava, H.M.; Khan, B.; Khan, N.; Ahmad, Q.Z. Coefficient inequalities for q-starlike functions associated with the Janowski

functions. Hokkaido Math. J. 2019, 48, 407–425. [CrossRef]
11. Srivastava, H.M.; Raza, N.; AbuJarad, E.S.A.; Srivastava, G.; AbuJarad, M.H. Fekete-Szegö inequality f or classes of (p, q)-starlike

and (p, q)-convex functions. Rev. Real Acad. Cienc. Exactas Fís. Nat. Ser. A Mat. 2019, 113, 3563–3584. [CrossRef]
12. Srivastava, H.M.; Khan, B.; Khan, N.; Tahir, M.; Ahmad, S.; Khan, N. Upper bound of the third Hankel determinant for a subclass

of q-starlike functions associated with the q-exponential function. Bull. Sci. Math. 2021, 167, 102942. [CrossRef]
13. Seoudy, T.M.; Aouf, M.K. Coefficient estimates of new classes of q-starlike and q-convex functions of complex order. J. Math.

Inequal. 2016, 10, 135–145. [CrossRef]
14. Liu, L.; Liu, J.-L. Properties of certain multivalent analytic functions associated with the Lemmiscate of Bernoulli. Axioms 2021, 10, 160.

[CrossRef]
15. Yan, C.M.; Srivastava, R.; Liu, J.-L. Properties of certain subclass of meromorphic multivalent functions associated with q-

difference operator. Symmetry 2021, 13, 1035. [CrossRef]
16. Janowski, W. Some extremal problems for certain families of analytic functions. Ann. Pol. Math. 1973, 28, 297–326. [CrossRef]
17. Srivastava, H.M. Operators of basic (or q-) calculus and fractional q-calculus and their applications in geometric function theory

of complex analysis. Iran. J. Sci. Technol. Trans. A Sci. 2020, 44, 327–344. [CrossRef]
18. Srivastava, H.M. Some parametric and argument variations of the operators of fractional calculus and related special functions

and integral transformations. J. Nonlinear Convex Anal. 2021, 22, 1501–1520.
19. Pommerenke, C. On meromorphic starlike functions. Trans. Am. Math. Soc. 1963, 107, 300–308. [CrossRef]
20. Karunakaran, V. On a class of meromorphic starlike functions in the unit disc. Math. Chron. 1976, 4, 112–121.
21. Srivastava, H.M.; El-Deeb, S.M. The Faber polynomial expansion method and the Taylor-Maciaurin coefficient estimates of

bi-close-to-convex functions connected with the q-convolution. AIMS Math. 2020, 5, 7087–7106. [CrossRef]
22. Ma, W.C.; Minda, D. A unified treatment of some special classes of univalent functions. In Proceedings of the Conference on

Complex Analysis, Tianjin, China, 19–23 June 1992; Li, Z., Ren, F.-Y., Yang, L., Zhang, S., Eds.; International Press: Cambridge,
MA, USA, 1994; pp. 157–169.

23. Rogosinski, W. On the coefficients of subordinate functions. Proc. Lond. Math. Soc. 1943, 48, 48–82. [CrossRef]

http://dx.doi.org/10.3934/math.2021185
http://dx.doi.org/10.3390/axioms11020050
http://dx.doi.org/10.1007/s00025-016-0592-1
http://dx.doi.org/10.1007/s11139-020-00338-y
http://dx.doi.org/10.3934/math.2021067
http://dx.doi.org/10.14492/hokmj/1562810517
http://dx.doi.org/10.1007/s13398-019-00713-5
http://dx.doi.org/10.1016/j.bulsci.2020.102942
http://dx.doi.org/10.7153/jmi-10-11
http://dx.doi.org/10.3390/axioms10030160
http://dx.doi.org/10.3390/sym13061035
http://dx.doi.org/10.4064/ap-28-3-297-326
http://dx.doi.org/10.1007/s40995-019-00815-0
http://dx.doi.org/10.2140/pjm.1963.13.221
http://dx.doi.org/10.3934/math.2020454
http://dx.doi.org/10.1112/plms/s2-48.1.48

	Introduction
	Main Results
	References

