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Abstract

In this paper, by making use of the g-Ruscheweyh differential operator iR’,; f(2),
and the notion of the Janowski function, we study some subclasses of holomorphic
functions . Moreover, we obtain some geometric characteristic such as coefficient
estimates, radii of starlikeness, distortion theorem, close-to-convexity, convexity,
extreme points, neighborhoods, and the integral mean inequalities of functions
affiliated to these classes.
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Introduction
Let A represents the class of functions f which are holomorphic functions in the unit disc
E*={z€eC:|Z]| <1}and of the form

f(z)=z+ Z anz™, (z€E") (D
m=2

The subclass of A consisting of univalent functions is denoted by S . A function f in A is said to
be starlike of order o(0 < o < 1) in E™ if this condition satisfies

zf '(Z)}

Re > o, (Z € E").
{ f(2)

S*(o) symbolize this class . In certain, for(c = 0), we obtain S*(0) = S*, the class of starlike

functions. The class C(o), (0 < 0 < 1) comprised of convex functions of order o can be expressed

by the relation f € C(o) if and only if zf " € S*(0)
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Let f and g be holomorphic functions such that both the subordination between f and g in E*
are written as f < g or f(z) < g(z). In addition to that, we say that f is subordinate to g if there
is a Schwarz function w withw(z) = 0, |w(z)| < 1,z € E*,
such that f(z) = g(w(2)) for all z € E*. Furthermore, if g(z) is univalent in E*, then we have
the following equivalence:
f < gifandonlyif f(0) = g(0) and f(E*) S g(E™).
For some details, see earlier works [1,2,3] . By the application of the notion of subordination,
Janowski provided the classP[A, B] . A given holomorphic function h with h(0) = 1 is said to be in
the class P[4, B] , if and only if the following condition satisfies:

h()<1+AZ 1<B<A<1

2 =1¥Bz = ="

Geometrically, the function h(z) € P[A, B] maps the unit disk E* onto the domain Z[A, B]defined by
_ 1-AB| A-B
E[A,B] = {W: |w BETT < 1= BZ}' (2)

This domain symbolizes an open circular disk centered on real axis with diameter end points

Dy = =and D, = = with 0 < D; <1< D,
Consider f, g € A. Then, the convolution * or Hadamard product of fin A and
g(z)=z+Ynm_2byz™ are defined as:

(fxg)=z+ Z Ambnz™. (z €E™).
m=2
Now, we define the Ruscheweyh derivative operator R* as follows

REf(2) = ————+ f(2).
(1 _ Z)k+1

Hence
z (zk_lf(z))

Q)
k! '

REf(2) =
Fore Ny ={0,1,23..},z € E*,
as previously described [4]. We briefly recover here the concept of g-operators, i.e., g-difference
operator that takes a vital role in hyper geometric series, quantum physics, and operator theories. The
usage of g-calculus was initiated by Jackson [5] (also see [6, 7]). For the applications of g-calculus in
geometric function theory, one may refer to the papers of Mohamad and Darus [8], Mohamad and
Sokol [9], and Purohit and Raina [10].
Next , we provide some fundamental definitions and results of q -calculus which we shall apply in our
results. For more information, see earlier reports [10,11,12]. The application of g-calculus was
initiated by JacksOn [13] (also see [14,15]) in geOmetric function theory.
Now, if g € (0,1) is fixed, then JacksOn explained the g-derivative and the g-integral of f € A asin

the next step:
0uf () = LELED (e os ) 3)

and
j; f(@) 0.t = 2(1-q) mZO ™ F2q™,

if that series converges.
It can simply be seen that for m € N, = {0,1,2,3,...}and z € E*,

aq{i Amz™ }: Z [m, qlayz™ 1,

m=1 m=1
where

1—q™ =
1—q =2ql+1, [0,q] = 0. 4)
i=1

[m,q] =
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For every non-negative integer n, the g-number shift factorial is defined by
m=0

1
' frd ’
.l =11 g1(2, 013, q1..Imq), m e N
In addition, the g-generalized Pochhamer symbol for y > 0 is defined as

[m ]'—{ L m=0
= 1y.qlly+1.q] .[y+m—1,q], meN.
Let F be the function given as
S [k + 1,
Fk+1q—z+z f’” Lo, ©
—1,q]!
m=2

Now, the differential g-Ruscheweyh operator RE: A — A of order k € Ny ={0,1,2,..},9 € (0,1)
and for f given by (1) is defined as
REf(2) = Frarq(@) * f(2)

= z+Z19(’;[m]amzm, (6)
m=2

where 19"[ ] = % (for more details see a previous report [16]),

and R9f(2) = f(2), also Ry f(2) = z04f (2).
Equation (6) can be expressed as
o (@)

[k, q]! '

Z
REf(2) = k € N,.

Since
Z

(1 _ Z)k+1 ’

qli_Erll_ Fi+1,q (2) =
it follows that
VA
N REf(2) = Ty [ () = R

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

RES(2) _ REF(2) qle 1+ Az

Rif@@) R @) 1+B7
where - 1<B<A<1,>20keNyjeNyk>jqe(01),z€E"
We note the following:
(i) For A=1-2a;B=-1;8=0;k =1andj = 0, the class Ji ;(q,B,4,B) reduces to the class
Sq(a) discussed by Agrawal and Sahoo [17].
(i) ForA=1B=-1;=0;k=1 and j = 0, the class Jx ;(q,B,A,B) reduces to the class S
discussed by Ismail et al. [18].
(iii) For g > 1;8 =0k =1;andj = 0, the class Ji ;(q,B,A,B) reduces to the class S;(4,B)
discussed by Libera [19].
(iv) For g » 1; 8 = 0; k = 1and j = 0, the class Jy ;(q, B, A, B) reduces to class S*(4, B) discussed
by Janowski [20].
(V) For g - 1;p=0;k=2and j=1, the class Jx;(q,B,A B) reduces to the class ¥ (4, B)
discussed by Padmanabhan and Ganesan [21] .
(vi) For g » 1; B =—1and A = 1 — 2a, the class Jy,;(q, 5, A, B) reduces to class Ny j(a,B), (0 <
a < 1) discussed by Eker and Owa [22].
(vii) For k=1;q—->1;,A=1-2a;B=-1 and j =0, the class Ji ;(q,B,4,B) reduces to the
classUS(a,B) (0<a <1),(0 < a < 1)discussed by Shams et al.[23].
Definition 2. Let 7 represents the subclass of functions of A of the form:

0

f(z)=2z—- Z amz™, apy = 0. 7

m=2
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Further, we define the class T'Jy ;(q, 8,4, B) = Jk,j(q,8,A,B) N T.

For more details refer to an earlier work [24].

Main Results

In this part, we will prove our main results.

Theorem 1. A function f of the form ( 1) belongs to the class Jy ;(q, 8, A, B) if:

Z {BUBI+ 1) (9kIm] — 9)lm] ) + |BosIm] — 49)[m] | } am<A-B. (8)
m=2

where -1 <B<A<1,8=>0,k€eN,j€eNyk>jqe(01)

Proof. It is sufficient to prove that

p(z) —1
‘A—Bp(z) <tb
where
k k
() :R?f(z) B R?f(z) B 1‘.
Raf (@) Raf (@)
We obtain
‘p(z)—l REf(2) — R} f(z) Be|REf(2) — R f(z)l
A=Bp@)| |AR!f(2) — B[REf(2) — Bei®|REF (2) — R]f(2)]]

_ ez {(950m] = 9)m] ) amz™ = pet® [Ty (951m] = 9)m] ) amz™|}
(A-B)z— [ =2 (Bﬁé([m] - Aﬁé[m] )amzm — Bel? |Z%=2 (19(’; [m] — ﬁ({[m] )amzm”
iz (95Tm] = 9)[m] )|am||zm|+ﬂza , (9Tm] = 9)[m] ) layllz™]

S(A—B>|z|—[mlezz’;[ — 497[m] |lamllz™| + B1BI By (95Tm] = 8)[m] ) lamllzm]
3 zm-z(ﬁk[ 1— 9Jm] )1+ B)lan|
" (A= B) = S5, |BOKIml = A9)m] |lam| — BIBI Shey (95Tm] = 8)m] ) laml

This final statement is bounded above by one if

0

> {1+ 1) (95Tm] — 0J0m] ) +|BokTm) — 48][m] | } am <A~ B.

m=2
hence, the proof is completed. [J
Theorem 2. Consider that f € 7. Then, f € TJy j(q, B, A, B) if and only if:

> {1+ 1) (95Tm] — 0J0m] ) +|BokTm) — 48)[m] | } am <4~ B.

m=2
Proof. Since Ty ;(q,B,A,B) < Ji,;(q,B,A,B) for functions f € 77, j(q, B, A, B)
p(z)-1

. _REf@  , [REF@)
we can put: |A—_Bp(z)| < 1,where p(z) = @ B R @ 1‘.
Then
Z {(ﬁé‘[m] _ ﬁé[m] )amz ‘8619 Z l9k — 191 [m] amZm }
m=2 m=2
(A B)Z Z Bl9k A19] amZ < 1.
m=2
| +Bef® Z ] 2™ |
k m=2 }

2353



Kassar and Juma

Since Re(z) < |z|, then we get

Z {(ﬁé‘[m] — ﬁ,{[m] )amzm et® Z — 19] [m] amzm }
m=2 m=2
Re (A-B)z+ Z Bz9" [m] — A19’ amz r <1
% m=2
+Be? 19’< — 9 ] anz™ |
y =2 )
Now taking z to be real and letting z —» 17, we have
> {a+ 50 -B) (9im1 - 8jim1 )~ |BokImI — 49)fm] | } am <4 -B.
m=2
or equivalently
Z{(1+3(1+|B|) (9£Tm] — 0jlm] ) +|Bok[m] - A8jIm] | } ay <A-B.

m=2
By this the proof is finished.
Corollary 1. A function f € T is in the class T'Jx j(q, 5, A, B). Then:

A—B
am < - - ,m=> 2.
{@+pa +1B) (9km] - 0)(m] ) + |Bokm] — 49j[m] | }
The result of the function is sharp, as follows:
A—B
f(2)=z- . 72, m>2
{1+ +1BD) (9Im] — 9)m] )+ [BoE[m] — A8]Im] | }

That is, the function defined in (10) can achleve the equality.
Distortion theorems
Theorem 3. Consider the function f defined by (7) in the class T'Jy ;(q, 8, 4, B). Then:

A—B
If (@) = |z| — . |z|2,
{(B+1B) +1 (94121 - 0)[2] ) + |Bok[2] - 49)12] | }
and
F@I < Izl + A5 122
~ {ea+ By +1 (05121 9121 )+ |Bok121 - a9jl2] |}
The result is sharp.
Proof . From Theorem 2, let the function: .
Q(m) = {(ﬁ(l +[B]) + 1 (9%[m] — 9l[m] ) + |Bﬁg[m] — A9)[m] | }
Then, it is obvious that it is an increasing function of m(m = 2), therefore:
Q(2) la,| < Q(m) |a,,| < A—B.
That is
Z lam| < 9(2)
Thus, we get
@) < 1zl + 122 z @l
F@] < Izl + 4-% 122
~ {ea+ By +1(ok21- 9121 ) + |Bokl2l - Aoz |}
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Likewise, we get

@ = 12 = D laml 12" = 1F ] = 120 = 122 ) Jam],
m=2 A_B m=2
= |zl - k j k j lzI*.
{(Ba+1BD) +1 (9512 - 9)[2] ) + |Bok[2] - 49]12] | }
Lastly, we can achieve the equality for the function, as follows:
A-B
f(z2)=z- . . z2. (11)
{a+pa+1B) (95121 - o)[2] ) + |Bok(2] - 49)12] | }

At |z| = r and z = re!@k+D (k€ 7). This ended the result.

Theorem 4. Let the function f be defined by ( 7) in the class T'Jy ;(q, 8, A, B). Then:

: 2(A - B)
f@]z1- . ; - - 2],
{(a +1BD) +1 (9121 - 021 ) +|Bok[2]1 - A9)12] | }
and:
, 2(A - B)
lf@|<1+ - - - - |z].
(B + 1B +1 (04121 - 0]l2] )+ |Bok12] — a9)12] | }
The result is sharp.
Proof. Since ? is an increasing function for m(m > 2), then from Theorem 2, we get
Q) N - Q(m) N
2 Y il < Y 2 gl = Y )l =<4~ B,
m=2 m=2 m=2
that is:
= 2(A - B)
m=2
Thus, we obtain
F@<1+121 ) mlal,
e 204 - B)
|f'(z)| <1+ |z].

(B +1B) +1 (04121 - 021 )+ |Bok12] - a9)12] | }
Likewise, we obtain:

r@|=1-12 ) mian|
m=2
2(A - B)
. - Z
(B +1BD) +1 (9121 - 021 ) +|Bok[2]1 - a9)12] | }
Lastly , we can notice that the affirmations of the theorem are sharp for the functionf (z)defined by
(11). This finishes the proof. [

Convexity, Radii of starlikeness and close-to-convexity
Theorem 5. A function fof the from (7) belongs to the class T Jy ;(q, 5, A, B). Then:

(i) f is starlike of order {(0 < { < 1) in |z| < r; where:

>1—

1

_ {a+pa+iB) (9ktm]-0)tm] )+|BokIml-aviiml | }  /1_¢\)™!
= 1nfm22{ ) X (m—{) . (12)
(ii) f is convex of order in (0 < { < 1) in|z| < ry, where:
1
. {a+pa+iBD) (9kim]- 0)im] )+|BokIml-a0)im] | } 1.z )™
ry, = inf,,s, { ) X (m(m—()) (13)
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(iii) f is close to convex of order (0 < { < 1) in |z| < r3, where:
1

_ (1+B(1+|B]) (9K [m]- 9 [m] )+|BOk[m]-49)[m] )™t
73 = inf,s, { (o4 (Z_B)) 1 atm | }X (17()} : (14)
The function f is provided by (10). All of these results are sharp.
Proof. We need to show that
%iz))—l| <1-where|z| <n
where r; is specified by(12) . Indeed, we get from (7) that:
#f' @ | _ Zjea(m = Daglzl™?
f(2) T 1-Yhooamlzmt
Hence, we obtain:
Zf(z)—l <1-4,
f(2)
if and only if:
Shea(m = Qanlz™ s

1-9 B
By Theorem 2, the relation (15) is true if:

(m—é)lzlm_lS{(1+ﬁ(1+|3|)(19¢’;‘[ 1= 930m] ) + [Bogim) — agjim) | }

1-¢ (A-B)
That is, if:
1
1+8(1+|B]) (9% [m]- 9i[m] )+|B9k[m]-49)[m] m-1
IZIS{{( B(+1BD) (9KIm]—9)[m] )+|Bok[m]-49)m |}X(1 ()} Cform> 2,
(A-B) m—{
Implies

{(1+pa+1BD) (9k[ml- 9)im) )+|BokIm]-49)m] | }x (1_()} 1_1, m > 2.
(A-B)

. = inf,s»

This completes the proof (12).
For proving (13) and (14), we need only to show that:

1+ 2 —1]1-¢ @O<¢<D;lad<m),

f'@
and

If'(z) =111 =¢ ({0 <7 <1); |z <m3),
respectively.
Extreme points
Theorem 6. Consider that f; (z) = z, and:
A—-B
B+ 1B +1) (95121 - 9)[2] ) + |Bok[2] - 49)12] | }
Then, finTJ, ;j(q, B, A, B) if and only if it can be written in the following form:

£ = Z Om (@)

where Wm = 0,Ym=1 WOy = 1
Proof. Assume that:

1) = Z om fn(2)

zMmm=23,.

fm(2) =z -
{

=z- Z W (4 , 5) , z™,
(B +1B) +1) (95121 - 9]12] ) + |Bokl2] - a9)12] | }

m=2
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Then, by Theorem 2, we get:
i {(B+1B) +1) (95121 - 94121 ) + |Bok12] — a9,12] | }a-B)
| {ea+sn+y (191;[2] — 93121 ) + |Bok(2] - a912] | }

Wm

= (- B)Zwm—(A BY(1— ) < (4-B).

Thus, in view of Theorem 2, we obtalnf € TJxj(qa,B,A,B).

Contrariwise, let us assume that, finTJy ;(q, 8,4, B) then
(A- B)

Ay < : : .
{(a+1BD) +1) (95121 - 9]12] ) +|Bok2] - A9)12] | }
By setting ' .
{Ba+1B) + 1) (9121 - 9)12] ) + |Bok12] - av]12] |

Wy, = A-B) anm

for
w,=1- W

we obtain

F@) =) om fnl2).
m=1

This completes the proof.
Corollary 2. The extreme points of the class 7'Jy ;j(q, B, A, B) are given by

fl(Z) =2z
fn(2) A5 ™ m = 2,3
mz) =z — - - z",m=23,.
{(Ba+1BD) +1) (95m] - 0)[m] ) + |Bokm] — 49j[m] | }
Integral mean inequalities
Lemma 1.[ 25] Let f and g be holomorphic functions in E* with:
, f(2) < g(2),

then forp > 0andz =re®, (0 <r < 1),

and

2T 2T
f F(2)IPdo < f 19@)[Pdo. (16)
0 0

Now, we find the following result by taking Lemma 1.
Theorem 7. Suppose that f € 77 j(q,,A,B),p >0,k >j,k €N,jENy,-1<B<A<1p =
0, and f,(z) is defined by

A—-B

fo(2) =z — . . z2,
’ (B +1B) + 1) (85[21 - 9][2] ) + |Bokl2] - avjl2] | )

forz =re', (0 <r < 1), we get

2m

2T
[Cireras < [ ipera
0 0
Proof . For f(2)=z—Ym=2amz™, ay =0,
the relation (16)is equivalent to prove that

[ S o

m=2

do <

2

A-B

. . z| de.
{(Ba+1BD) +1) (9121 - 8)[2] ) +|Bok[2] - 40][2] | }

s
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By using Lemma 1, it suffices to show that

A-B
1—Zamzm‘1<1— : : z.
=, {a+1B)+1) (95121 - 8)[2] ) + |Bok(2] — a9]12] | }
By setting
A-B
L= amz" =1 . . @.
mzzz ) {(a+1BD) +1) (94121 - 9)12] ) + |Bok[2] - 4v][2] | }W ‘

and using (8), we get

N 1+ B +1) (95[2] - 9;[2 Bok[2] — A0J[2
IW(Z)IZZ{(3(+||)+)(q[] J[2] )+ |Boki2] - a912] |}

m=2 A—B U 2™
= 1+ B +1) (9k[2] - /2 BokI2] — 49712
S|Z|Z{<ﬁ(+||>+>(q[] Aj[B])+| 1 -az) |)
m=2
= 14 |B]) +1) (9%[m] - 9 B[] — Ag)
Slzlz{(ﬁ( +1BD +1) (9 [ml Aq_[n;])+| K[m] — A9} [m] |}am
S|Z|<1Tn=2

This completes the proof.
Neighborhoods for the class 7Jy ;(q, 8, A, B)
We define the &;-neighborhood of a function fin T by

N5, () = {g €T;g@ =2 ) bpz™ Y mlam—bpl < } (16)
m=2 m=2

In particular, for e(z) = z,

Ns, (e) = {g €ET;g9(z) =z— 2 bypz™ and Z m|b,| < 6; } (17)
m=2 m=2
On the other hand, a function f(z) defined by (7) is said to be in the class T Jy ; (q, B A, B) if there

exists a function g € 7'Jy ;(q, B, A, B) such that

f(@)
g(z)—1|<1—y, 0<Y<1 (18)

Theorem 8. If ' .

{(a+1BD) +1) (9¥m] - 0)m] )+ |Bokm] — Avgm] | }
>{(B(1+1BD +1) (9512 — 9121 ) + |Bok21 - 4vg12] |}, m=2.
nd
" ~ 2(A—-B)
{(Ba+1BD)+1) (94121 - 8)12] ) + |Bok(2] — av]l2] |}
then

TIxj(a,B,A B) c Ns (e)
Proof. Let f € TJy j(q, B, A, B).Then from Theorem 2 and the condition

{(B+1BD +1) (9£[m] - 0)[m] )+ |BOkIm] - 40][m] | }
>{(B(1+1BD +1) (95121 — 9121 ) + |Bok[2] - 4vg12] |}, m=2.
We get,

{a+18D+ 1) (85121 - 9121 ) + |BokI21 - 48121 |} am <

m=2
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(B +18D+ 1) (85Tml - 9Jlm] ) + [Bo}m] - 48jim] |} am
m=2

<(A-B),
which implies

i (A-B) 19
{(Ba+1BD) +1) (94121 - 9)[2] ) + |Boki2] — av]l2] | }

By using Theorem 2 with (19), we obtain
{(Ba+1BD) +1) (95121 - 9)[2] ) + |Bok2] - ad]l2] | }
<(A-B)
2{(B1+1BI) +1) (95121 - 0][2] )+ |Bok(2] - avj12] | }
<2(A-B)
2(4-B)
Zma < - - )
{(Ba+1BD +1) (9121 - 0)[2] ) + |BokI2] - 4v]12] | }
By (16) we get f € Ng, (e) .

This completes the proof of Theorem 8 .
Theorem 9. If g € 77y j(q, B, A, B) and

s {Ba+1BD+1) (8121 - 94121 ) + [BogI21 - As]l2] | ]
2{a+1BD +1) (9121 - 8)[2] ) +|BokI2] - a0][2] | }-(a—B)

Then Ng (e) € TJy ;(q,B, 4, B).

Proof. Let f be in Ns_(e). We find by (16)that

Z m|ay, — by| < 61,

which means the coefficient of inequali%l/=

Y=1-

(20)

1
2 @ = bl < - @D
It follows that, since g € TJx j(q, B, A, B), then from (19) we obtain

Z by < (4-B) . . (22)
{(Ba+1BD +1) (94121 - 0)[2] ) + |BokI2] - 40][2] | }

Using (21) and (22), we get
f@ _ 1| < S2ltm = bl

gz 1T 1-X5_;bnm
< %1
21— (4—B) .
{(+1BD) +1) (9121 - 0)[2] ) +|BokI2] - 4v]12] | }
& {(a+1BD)+1) (94121 - 9)[2] ) + |Bﬁg,<[21 — 49}[2] | } iy
= 2 - -1,

{(Ba+1BD +1) (9121 - 8)[2] ) +|Bok[2] - 40][2] | }-(4-B)
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provided that Y is given by (20),
hence, by condition (18), f in TJy ;(q, B, A, B) is given by (9) .

References

1.

2.

3.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,

25.

Goodman, A. W. 1983. Univalent Functions, Volumes | and II, Polygonal Publ. House,
Washington, New Jersy.

Juma, A. R. S. and Saloomi, M. H. 2018. Coefficient Bounds for Certain Subclass of Analytic
Functions Defined By Quasi-Subordination. Iragi Journal of Science, 59(2C): 1115-1121.

Juma, A. R. S. and Saloomi, M. H. 2018. Coefficient Estimates for Subclasses of Regular
Functions. Iraqi Journal of Science, 17: 10-1716.

Abu Arqub, O. 2018. Solutions of time-fractional Tricomi and Keldysh equations of Dirichlet
functions types in Hilbert space. Numerical Methods for Partial Differential Equations, 34(5):
1759-1780.

Jackson, F.H. 1908. On g-functions and a certain difference operator, Trans. R. Soc. Edinburgh,
46(2): 253-281.

Aral, A., Gupta, V. and Agarwal, R. P. 2013. Applications of g-calculus in operator theory (p.
262). New York: Springer.

Purohit, S. D. and Raina, R. K. 2013. Fractional g-calculus and certain subclass of univalent
analytic functions. Mathematica, 55(78): 62-74.

Mohammed, A. and Darus, M. 2013. A generalized operator involving the g-hypergeometric
function. Matematicki vesnik, 65(4): 454-465.

Mahmood, S. and Sokot, J. 2017. New subclass of analytic functions in conical domain associated
with Ruscheweyh g-differential operator. Results in Mathematics, 71(3-4): 1345-1357.

Purohit, S. D. and Raina, R. K. 2013. Fractional g-calculus and certain subclass of univalent
analytic functions. Mathematica, 55(78): 62-74.

Noor, K. I., Riaz, S. A. D. I. A. and Noor, M. A. 2017. On g-bernardi integral operator. TWMS
Journal of Pure and Applied Mathematics, 8(1): 3-11.

Kanas, S. and Riducanu, D. 2014. Some class of analytic functions related to conic domains.
Mathematica slovaca, 64(5): 1183-1196.

Jackson, F.H. 1910. g-Differential equations. Am. J. Math. 32: 305-314.

Jackson, F.H. 1910. On g-definite integral. Quart. J. Pure Appl. Math. 41: 193-203.

Yousef, A. T. and Salleh, Z. 2020. A Generalized Subclass of Starlike Functions Involving
Jackson’s (p, q) - Derivative. Iragi Journal of Science, 625-635.

Noor, K. I. 2019. Some classes of analytic functions associated with g-Ruscheweyh differential
operator. Facta Universitatis, Series: Mathematics and Informatics, 531-538.

Agrawal, S. and Sahoo, S.K. 2014. A generalization of starlike functions of order alpha, arXiv
preprint arXiv:1404.3988 .

Ismail, M.E.H., Markes, E. and Styer, D. 1990. A generalization of starlike functions, Complex
Variables Theory and Applications, 14: 77-84.

Libera, R.J. 1966. Some classes of regular univalent functions, Proceedings of the American
Mathematical Society, 17: 352-357.

Janowski, W. 1973. Some extremal problems for certain families of analytic functions. Ann.
Polon. Math. 28: 648-658.

Padmanabhan, K. S. and Ganesan, M. S. 1988. Convolutions of certain classes of univalent
functions with negative coefficients. Indian J. pure appl. Math, 19(9): 880-889.

Eker, S. S. and Owa, S. 2009. Certain classes of analytic functions involving Salagean operator. J.
Inequal. Pure Appl. Math, 10(1): 12-22.

Shams, S., Kulkarni, S. R. and Jahangiri, J. M. 2003. On a class of univalent functions defined by
Ruscheweyh derivatives. Kyungpook Math. J, 43: 579-585.

Naeem, M., Hussain, S., Mahmood, T., Khan, S. and Darus, M. 2019. A new subclass of analytic
functions defined by using Salagean g-differential operator. Mathematics, 7(5): 458.

Littlewood, J. E. 1925. On inequalities in the theory of functions. Proceedings of the London
Mathematical Society, 2(1): 481-5109.

2360



