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Abstract: In our present investigation, we use the technique of convolution and quantum calculus to
study the Salagean g-differential operator. By using this operator and the concept of the Janowski
function, we define certain new classes of analytic functions. Some properties of these classes are
discussed, and numerous sharp results such as coefficient estimates, distortion theorem, radii of
star-likeness, convexity, close-to-convexity, extreme points, and integral mean inequalities of functions
belonging to these classes are obtained and studied.
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1. Introduction

Let E = {z € C : |z| < 1} be the open unit disk and A be the class of all functions f that are
analytic in E and normalized by £(0) = 0 and f (0) = 1. Thus, each f € A has the Maclaurin’s series
expansion of the form:

flz)=z+ i anz". 1)
n=2

The class of all such functions that are in .A and univalent in E is denoted by S; see [1]. A domain D,
which is the subset of a complex set, is star shaped about any point z if any other point of D joining
with zg by line segment lies with in D, while the domain D is said to be convex if and only if it is starlike
with respect to each of its points. The subclasses of S, which are starlike and convex, are denoted by &*
and C, respectively.

In 1936, Roberston [2] introduced the classes of starlike and convex functions of order «a.
In 1991, Goodman [1,3] introduced the classes of uniformly-starlike and uniformly-convex functions,
which were extensively studied by Ronning and independently by Ma and Minda [4,5]. In 1999,
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Kanas and Wisniowska [6,7] introduced the classes of k-uniformly convex and k-uniformly starlike
functions denoted by k — U4CV and k — ST respectively defined as:

!

zﬁ”(z)

fek—UCY < zf €k—ST < fc Aand Re Gf@” > 15

f(2)

, z€E, k>0.

The class k — UCV was discussed earlier in [8], also with some extra restrictions and without
geometrical interpretation by Bharati et al. [9]. Several authors investigated the properties of
the subclasses of S* and C with their generalizations in several directions; for a detailed study,
see [6,10-18].

If f and g are analytic in E, we say that f is subordinate to g, written as f < g, if there exists
a Schwarz function w, which is analytic in E with w(0) = 0 and |w(z)| < 1 such that f(z) = g(w(z)).
Furthermore, if the function g is univalent in E, then we have the following equivalence:

f(z) < 8(z) < f(0) = g(0) and f(E) C g(E). ze€E.

For some detail, see [1,19]. Using the concept of subordination, Janowski introduced the class
P[A, B]. A given analytic function h with & (0) = 1 is said to belong to the class P [A, B, if and only if:

1+ Az

— 1< <1
(z) < 11 B 1<B<AXKI1
Geometrically, a function & (z) € P [A, B] maps the open unit disk E onto the domain () [A, B|
defined by:
1—-AB A—-B
Q[A,B}:{w:‘w—l_Bz <1—BZ}' )

This domain represents an open circular disk centered on the real axis with diameter end points
D; = =4 and D, = 14 with0 < D; <1 < D,.
Let f, g € A. Then, the convolution or Hadamard product of f of the form (1) and g of the form:

§(z) =z+ ) buz"

is denoted by f * g and defined as:

(f*g)(z) = i}ﬂnbnzn (z € E).

In the beginning of the last century, studies on g-difference equations appeared extensively especially
by Carmichael [20], Jackson [21], Mason [22], and Trjitzinsky [23]. Research work in connection with
function theory and g-theory together was first introduced by Ismail et al. [24]. Till now, only non-significant
interest in this area has been shown, although it deserves more attention. Many differential and integral
operators can be written in terms of convolution; for detail, we refer to [25-30]. It is worth mentioning
that the technique of convolution helps researchers in further investigation of the geometric properties of
analytic functions. For any non-negative integer #, the g-integer number # denoted by |1, g], is defined by:

_1-q _
[mﬂ—l_q,Mﬂ—0

For non-negative integer 1, the g-number shift factorial is defined by:

n,q]'=[1,4]12,913,q]...[n,q], ([0.q]'=1).
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We note that when g — 1, [n,¢]! reduces to the classical definition of factorial. Throughout
this paper, we will assume 4 to be a fixed number between zero and one. The g-difference operator
related to the g-calculus was introduced by Andrews et al. [31]. For f € A, the g-derivative operator
or g-difference operator is defined as:

qu(Z):W/ z€E, qg#1

It can easily be seen that forn € N={1,2,3,...} and z € E,
qu” = [n, q]z”fl, D, { Z anz”} = E [n,q]anznfl.
n=1

n=1

Recently, Govindaraj and Sivasubramanian defined the Salagean g-differential operator [32] as:
Let f € A. Then, the Salagean g-differential operator is defined as:

DYf(z) = f(2), D}f(z) = 2Dyf (z),——Dif(z) = 234 (D (2)) -

A simple calculation implies:

Dif(z) = f(z) xFi(z) i€ NU{0} =N, ©)

where: .
Fi(z)=z+ ) [nq'z", 4)

n=2

using (3) and (4), the power series of D; (z) for f of the form (1) is given by:

D, f(z) =z + Zz [n,q) a,z". (5)
n—=
Note that:

lim F,;(z) =z + niz".
Jlim Fu(2) =2+ 1

qlir{{ D;f(z) = f(z)* <z + én'ﬁ,ﬂ") ,

which is the familiar Salagean derivative [8].

2. Methods

By taking motivation from the above-cited work, we introduce a new subclass U; (g, B, A, B).
This class is introduced by using the Salagean g-differential operator with the concept of Janowski
functions. Our defined class generalizes many classes by choosing particular values of the parameters
involved in defining this class of functions.

Definition 1. Let U; ;(q, B, A, B) denote the subclass of A consisting of functions f of the form (1) and satisfy
the following subordination condition,

Dif(z) ‘Df;f(Z) _1| L 144z
Djf(z) = |Dif(z) 1+ Bz



Mathematics 2019, 7, 458 40f 13

where -1 < B<A<1,>0,ieN,jeNy,i>jqe(0,1),z€E.
By taking specific values of parameters, we obtain many important subclasses studied by various authors in
earlier papers. Here, we enlist some of them.

(i) Forq— 1,and A =1-2a, B = —1, theclass L{i,j(q, B, A, B) reduces to the class Nilj(oc,ﬁ), 0<a<1)
studied by Eker and Owa [33].

(ii) Forq —1,A=1—-2a,B=—1,i=1,andj =0, the class Z/[i,j(q, B, A, B) reduces to the class US («, B),
(0 < a < 1) studied by Shams et al. [34].

(iii) Forq -1, A=1-2a,B = —1,i = 2,and j = 1, the class U,-,]'(q, B, A, B) reduces to the class
UK (a,B), (0 < a < 1) studied by Shams et al. [35].

(iv) Forq—1,=0,i=1,andj=0,the class U; ;(q, B, A, B) reduces to the class S*(A, B), studied by
Janowski [36].

(v) Forq—1,8=0,i=2,andj =1, the class Z/{i,j(q, B, A, B) reduces to the class (A, B), studied by
Padmanabhan and Ganesan [37].

Definition 2. Let T denote the subclass of functions of A of the form:
flz)=z—Y a,Z", a,>0. (6)
n=2

Further, we define the class TZ/Ii/]-(q, B, A B)= Lll-,]-(q, B, A B)NT.
For suitable choices of the parameters q, B, A, B, i, and j, we can get various known or new subclasses of T .
For example, we have the following.

(i) ’TM]-HJ(O, B1—-20a,-1)=TS(,ap), (0 < a < 1, > 0,j € Ny) (see Rosy and
Murugusundaramoorthy [38] and Aouf [39]).

(i) TU10(0,1,1 — 2a,—1) = SPT(a) and TU»1(0,1,1 — 20, —1) =UCT (a), (0 < a < 1)
(see Bharati et al. [9]).

(iii) TU10(0,0,1—2a,—1) = T*(a) and TU»1(0,0,1—2a,—1) = C(«), (0 < a < 1) (see Silverman [40]).

3. Main Results

In this section, we will prove our main results.

Coefficient estimates:

Theorem 1. A function f of the form (1) is in the class U; j(q, B, A, B) if:

ﬁz{<1+ﬁ<1+|s|>>([n,qr—[n,q}f)+]B[n,qr—A[n,q]f\}anSA—B. )
Proof. It is sufficient to show that: ( -
p(z) -
‘A—Bp(z) <l
where: Dif(z) | Dif(2)
(z):“_5| A}
P ik i)
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We have:
p(z) —1
A —Bp(z)

Dif(z) — Djf(z) - e | Dif(z) - D}f ()|
AD)f(z) - B[ Dif(z) - e | Dif(z) — D}f ()|
Lo { (In] = (n,qF ) anz" — e | Ty ([n,q)' = (.47 2|}
(A=B)z— T (Blng) = Alnq) ) anz — BBe® |25 ([n,q)' — [n,9))) a2 |
s ([mal’ = () ) lanl 121" + B (Inq) = [n,q)) Jaul [2I"
(A= B) 2| - [T [Blnal' = Aln,ql| laul 121" + B1BI T3 (In,a) = [q) ) Jaul |2I"]
£ ([a) = (') (14 B) fanl
(A—B) Xy |Blnal' = Al )| laa| = 1Bl Za (I ) = (0] ) o]

IN

This last expression is bounded above by one if:
> {+B+BD) (In.a) —[ma)) +|Blna) - Aln,q)|}an < 4B,
n=2
and hence, the proof is completed. [
Theorem (2) shows that the condition (7) is also necessary for functions f of the form (6) to be in

the class Tui,j(q, B, A, B).

Theorem 2. Let f € T.Then, f € TU,;(q,B, A, B) ifand only if:

o)

Y {0+ 1BD) (fnal ~ (naV) + |Blnal —nqV |} an < A~ B.

n=2

Proof. Since TU;;(q,B, A, B) C U;;(q,B, A, B), for functions f € TU;;(q, B, A, B), we can write:

‘ piz) -1 | _,
A — Bp(z) !
where: ) .
S~ D)D)
Dyf(2) Djf(z)
then:

Lo { (In ) = (nal ) @z + e [T (n,q)' = [n)) anz"|}
-1

(A=B)z+1L5, (Bl gl — Alnq)) a2 <1

+Be'?

iz ([l = na)) ane”
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Since Re(z) < |z|, then we obtain:

Yo { ([n"ﬂi —[n, ‘i]j) anz" + Be'

iz (Ina) = Ina)) ane”

j

-1

Re (A=B)z+1L (Blngl = Alnq)) anz" <1

+B ,Beig

5o (In gl = [n,0)') anz"

Now choosing z to be real and letting z — 17, we obtain:
ni {(1 +B(1-B)) ([n,q]i _ [n,q]/) _ ‘B n,ql — A [n,q]j‘}an <A_B

or equivalently:

5 {1180 (it~ ) + 810~ AGnal o, < A~

This completes the proof. [

Corollary 1. Let f be defined by (6) be in the class TU, ;(q, B, A, B). Then:

A—B
a, < - n>2.

“{a+vpa+ B (na —mal) +|[Bina - afna|}

The result is sharp for the function:
A—B )
{a+pa+(B)) (I —na)) +|Blna — Alnq)|}

fe)=2-

That is, equality can be attained for the function defined in (9) .
Distortion theorems:

Theorem 3. Let the function f be defined by (6) be in the class TU,;j(q, B, A, B). Then:

£ 2 |2l - A2 : 2P,
{a+p@a+BD) (124~ 2.9)) + |Bl2g) - A[2.4)|}
and: A B
OISR 2P

{a+pa+1B)) (g —24)) + |BRa) - Al2q|}
The result is sharp.

Proof. In view of Theorem 2, consider the function:

®(n) = {1+ B+ [B)) (Inal' — [n.qV) +|Blnal = Alnql|}.

z°, n > 2.

6 of 13

®)

©)
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Then, it is clear that it is an increasing function of n (n > 2); therefore:

(Z)i_o:zm i ) lan| < A—B.

That is:

Thus, we have:
f@)] < |zl + |2 Z,Zlan\,
A—B 2
i ’ i el
{a+pa+1B)) (2 - 2a)) +|BRa - al2q|}

[f(2)] < 2]+

Similarly, we get:

FI =zl = X lanl |2]" > |2 — |2/ ;lﬂn\
A—B )
>zl - SR l- i
{a+pa+1B)) (2~ 24)) + |BRa) - Al2q|}
Finally, the equality can be attained for the function:
A—B
flz)=z— 4 4 : 72, (10)
{a+p+BD) (12q] ~ 2.9)) + |Bl2al - Al2.4) |}
At |z| = rand z = re/***+ D7 (k € Z). This completes the result. [
Theorem 4. Let the function f be defined by (6) in the class TU, j(q, B, A, B). Then:
/ 2(A-B)
f@)]=1- : : : 2|,
| {a+B+BD) (129~ 2.4)) +|Bl2al' - Al2.a}|}
and: 2(A—B)
fla)|<1+ ).
| {a+B+BD) (129~ 2.4)) +|Bl2al' - Al2.a}|}

The result is sharp.

Proof. As ( ) is an increasing function for n (n > 2), in view of Theorem 2, we have:

P2y ol < 3 P = E®|M<A B),
n=2 n=2
that is: ( )
ad 2(A—B
nla,| < ———2.
Ll < =g

Thus, we have:

f @] <1412l ¥ nlaal,
n=2
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2(A-B)
fz)] <1+ . . » —
{a+pa+1B)) (g~ 24)) + |BRa) - Al2q|}
Similarly, we get:
)] > 1—|zf2n|an|
> 1- 2(A—-B) ol.

{a+pa+1B)) (24 —2a)) + |BRa) - Al2q|}

Finally, we can see that the assertions of the theorem are sharp for the function f(z) defined
by (10). This completes the proof. [

Radii of starlikeness, convexity and close-to-convexity:

Theorem 5. Let the function f be defined by (6) be in the class TU; ;(q, B, A, B). Then:
(i)  f is starlike of order ¢ (0 < @ < 1) in |z| < ry, where:

1

(1+B(1+1B)) ([nq] = [nq)) + |Blnq) — Aln,q/ _
{{ (al—inat) ”x(ii)} Cw

r1 = inf
n>2

(ii)  f is convex of order ¢ (0 < ¢ < 1) in |z| < rp, where:
{{(1+ﬁ(1+|3)) ([n,qr—[n,q]f)+\B[n,qr—A[n,q]f\}X<n1_¢ )} R

7y = inf
n>2

(A—B) (n—9)

(iii)  f is close to convex of order ¢ (0 < ¢ < 1) in |z| < r3, where:

n, i—n, j n, i n, j _ "
rs:gfz{{(1+ﬁ(1+|3))([ Al —[nq))) +|Blng) - A] q]\}x<1 ¢>} Cw

(A—B)
Each of these results is sharp for the function f given by (9).

Proof. It is sufficient to show that:

zf'(2)
f(2)

where r; is given by (11). Indeed, we find from (6) that:

—1‘31—4) for |z| <1y,

2f'(z) 1‘ < Znoa(n = Dan |z
f(z) 11— a2

Thus, we have:

(),

@ NS

if and only if:

o n—1
£ a0 = a2 _

. 14
- ) = 14
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From Theorem 2, the relation (14) is true if:

(1= g {00180 (ot ) vt~}

1-¢ (A—B)
That is, if:
Y i j =
e {{(1+ﬁ(1+|3))([nwﬂ (A[i'?)HB[n'q] Afngll} (i_f))} s
This implies that:
, (1+B(1+B) ([nq) = [,9)) + |B[n,q)" — Aln,q) - -
rl_rlzgfz{{ ( (A—B)) ‘ HX(i_i)} , forn > 2.

This completes the proof of (11).
To prove (12) and (13), it is sufficient to show that:

1+ @

<1—9¢ (zl<rn 0<p<),
) ¢ (lz| <r ¢

and:
f@-1<1-9 (2l<m0<p<),

respectively. [

Extreme points:

Theorem 6. Let
fi(z) =z,

and:
(A~ B)
{a+p+1B)) (Inq — [na)) + |Bnal — Alnql|}

fu(z) =z — 2" n=2,3,--
Then, f € TU,(q, B, A, B) if and only if it can be expressed in the following form:

flz) = il pfa(2),

where:

Proof. Suppose that:

f(2)

ilﬂnfn (z)
- (A—B) n

Z—an z".

= {a+pa+1B)) (I = na)) + |Blnql = Aln,q))|}
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Then, from Theorem 2, we have:

o [{0+p0+BI) (Ina) = nal) +|Blna) - Alnq)|} (A-B)
i | {@+pa+1B)) (gl - [nal) + |Blnal — Alnq|}

Mn

=<A—mfyw4A—ma—mhqA—m

Thus, in view of Theorem 2, we find that f € TU;;(q, B, A, B). Conversely, let us suppose that
f€TU;j(q,B, A B), then:

(A—B)
{0+ +1BD) ([n.q) —[na)) + |Blnal - Aln.aV|}

ap <

By setting:
A{a+pa+B)) (g = nal) + [Blngl = Al |}
In = (A—B) fin
with:
m=1- i Mn,
n=2
we have:

f(z) =) nnfa(2).
n=1
This completes the proof. [
Corollary 2. The extreme points of the class TU; ;(q, B, A, B) are given by:
h(z) =z
and:

(A—B)
(1+B(1+1B) (Inql — [na)) + |Blnal' = Alnq|}

2" n=23,---.

fu(z) =z —
{

Integral mean inequalities:

Lemma 1. [41] If the functions f and g are analytic in E with:

f(z) <g(2),

then for p > 0and z = re®®, (0 <r < 1),

27 . 27 p
| ir@rde < [T lg() de. (15)

We now make use of Lemma 1 to prove the following result.
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Theorem 7. Suppose that f € Tui,j(q,ﬁ,A,B), p>0-1<B<A<1B>0i€eN,je Ny,i>j
and f(z) is defined by:

A—B
(1+p(1+1B) (2. - 2.a)) + |Bl2.a) — Al2,q |}

z2,

f2(2> =zZ- {

then for z = re'®, (0 < r < 1), we have:

271 27T
/O \f(z)I”d@s'/O |fa(2)[ d6.

Proof. For:

f(z)=z—) anz", a, >0,
n=2

the relation (15) is equivalent to proving that:

27 0 lp
/0 1—’§2anz”* do
< /27r 1 A-B pde
- - - ; ——Z .
— o {a+sa+B) (12 - 2a)) + Bl - Alal|}

By applying Lemma 1, it suffices to show that:

A—B
{a+pa+1B)) (2~ 24)) + |BRa - Al2.q|}

(o]
1—Zanz”_1<1— z.
n=2

By setting:

A—B
{a+pa+18)) (g~ 24)) + |BRa) - Al2q|}

(e )
1-Y a2 1=1- w(z),
n=2

and using (7), we obtain:

o {1+B(1+[B) (2.9 —2a)) +|BRal —ARql|}
|w(z)| _ HZZ{ ( A_B> ’ ’}anzn 1
I {a+pa+1B)) (24 - 24)) +\B[z,q1f—A[z,qV\}a
= FL A-B "
o {(1+p(1+(B) ([nq) — [n,q/) + |Bln,g) — Aln,ql
Y () ,
< |zl < 1.

This completes the proof. [

4. Conclusions

Here, in our present investigation, we have successfully introduced a new subclass of analytic
functions in open unit disk E. Many properties and characteristics of this newly-defined function class
such as coefficient estimates, distortion theorem, radii of star-likeness, convexity, close-to-convexity,
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extreme points, and integral mean inequalities have been studied. We also highlighted a numbers of
known consequences, which are already present in the literature.
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