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ABSTRACT. In this article, we introduce new subclasses of harmonic univalent functions associated with
the g-difference operator. The modified g-Srivastava-Attiya operator is defined and certain applications of
this operator are discussed. We investigate the sufficient condition, distortion result, extreme points and

invariance of convex combination of the elements of the subclasses.

1. INTRODUCTION

A real-valued function u (x,y) is said to be harmonic in a domain D if it has continuous second order

partial derivatives in D and satisfies
Ugg + Uyy = 0.

We say that a continuous f : Q(C C) — C defined by f (2) = u (z,y) +iv (x,y) is harmonic if both u (z,y)
and v (x,y) are real harmonic in 2. It is observed that every harmonic function f in any simply connected
domain 2 can be written as f (z) = h(z)+7g(z), where h and g are analytic in 2, and are called, respectively,

the analytic and co-analytic parts of f.
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We denote by H the class of complex-valued harmonic functions f = h + g defined in the open unit disc
U ={z:|z| < 1} and normalized by h(0) = g(0) = A/(0) — 1 = 0. Such mappings have the following power

series representation

(1.1) f2) =2+ anz"+Y bz, |bi] <1
n=2 n=2

It is clear that, when g(z) is identically zero, the class H reduces to the class A of normalized analytic
functions in U.

Due to Lewy [14], A function f € H is locally univalent and sense-preserving in U if and only if
|h" (2)] > |¢' (2)], for z € U.

We denote by Sy the subclass of H consisting of all sense-preserving univalent harmonic functions f.

Firstly, Clunie et al. [5] was discussed some geometric properties of the class Sy and its subclasses. Later
on, several authors contributed in the study of subclasses of the class Sy, for example, see [1,3,6,7,9,11,19,20].

The theory of g-calculus operators are used in describing and solving various problems in applied sci-
ence such as ordinary fractional calculus, optimal control, ¢-difference and g-integral equations, as well as
geometric function theory of complex analysis. The fractional g-calculus is the g-extension of the ordinary
fractional calculus and dates back to early 20" century (e.g. see [10] or [2]). For 0 < ¢ < 1, the g-difference

operator was introduced by Jackson [10] and is defined by

(1.2) Ogh(z) = —~——""1  q#1, 240,

for ¢ € (0,1) and h € A with h(z) =z 4+ Y.~ , anz".
It is clear that qlir{liaqh(z) = h/(z), where h/(z) is the ordinary derivative of the function. It can easily
be seen that for n e N={1,2,3,..} and z € U
o0 o0
Oy {Z anz"} = Z [n]qz"_l,
n=1 n=1

where

Recently, in [18], Shah and Noor introduced the g-analogue of Srivastava-Attiya operator .J, ab A — Aby

(1.3) Jyph(z) = 2+ i <[1 - b]q> anz",

n=2 [Tl + b]q

where h € A, s € C and b € C\Z, . It is noted that for ¢ — 1~ in (1.3), then the integral operator studied
by the authors in [21] is deduced. Moreover, for particular choices of s and b, the operator .J, 2.b reduces to

the ¢-Alexander, ¢-Libera and ¢-Bernardi operators defined in [17].
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Jahangiri [12] was the first who introduced the g-analogue of complex harmonic functions and studied
various geometric properties. Nowadays, certain subclasses of Sy; associated with operators and g-operators
were discussed by the prominent researchers, like [8,12,13,15,16,22]. In motivation of above said literature,
first we modify the ¢-Srivastava-Attiya operator and then we define some new subclasses of Sy.

For f = h+ g given by (1.1), we define

(1.4) Janf (2) = J3ph(2) + Jg,9(2),

where J7 ,h(z) is given by (1.3) and

[1+ ]
Z<n+b ) bnz".

It is observed that, if co-analytic part of f = h + g is identically zero, then the modified g-Srivastava-Attiya
operator defined by (1.4) turn out to be the g-Srivastava-Attiya operator introduced in [18].
For f = h+ g € Sy, we define a new class HS, (7, A, 5) as follows:

Definition 1.1. Let f = h+ g € Sy and is given by (1.1). Then f € HS, (v, A, B) if
%[1+1{(1—)\) 1)
v z

where B € [0,1), v € C\{0}, A € [0,1] and g € (0,1).

(0,f()) - 1}} > 8,

Particularly, If ¢ — 17, then the class HS, (7, A, 8) reduces to the class, denoted by HS (7, A, 8), of

8‘%{1+i{(1—)\)f(;)+)\f/(2)—1}] > B,

where 8 € [0,1), v € C\{0} and A € [0,1]. Moreover, we denote by HS (1,A,8) = HS (A, 3) and
HS (1,1, 8) = HS (B) the classes of functions f = h + g € Sy satisfies

fz)

functions f € Sy satisfies

R[0-0IE ar) 2 s

and R (f'(2)) > B, respectively.
We further define HS, (7, \, 8) = HS, (7, A, B) N Sy, where S denote the subclass of Sy consisting of
functions of the type f(z) = h(z) + g (z), where

(1.5) —Z—Z|an|z and g(z Z|b | z™.
Now, by using modified g-Srivastava-Attiya operator given by (1.4), we define the following.

Definition 1.2. Let f = h+7g € Sy, and is given by (1.1). Then, for s e R, b>1, f €[0,1), v € C\{0},
A€ [0,1] and g € (0,1). f € HS" (v, A, B) if

(1.6) R [1 + % {(1 - J‘;l’if(z) + A (5404 f(2)) — 1}] > B,



Int. J. Anal. Appl. 19 (6) (2021) 829

where J;, f(z) is given by (1.4).

Also, we define %Z’b (v, \B) = HSZ’Z’ (7, A\, B) N Sy, where Sy denote the subclass of Sy consisting of
functions given by (1.5).
It is noted that, for s = 0 we have HS:" (v, A, 8) = HS, (v, A, B) and %Z’b (1, A, B) = HS, (7, A, B).

2. MAIN RESULTS

Theorem 2.1. Let a function f = h+7g € Sy given by (1.1) and satisfies

> 1+, \°
(2.1) §j{ﬁ+(mn—gx}mﬂ+wu}<&+;ﬂ <1+(1-8)7,
n=1 q
where s e R, b> 1, f€[0,1), v € C\{0}, A € [0,1] and q € (0,1). Then f € ’HSZ’[’ (v, A\, B). This result is

sharp.

Proof. We wish to show that f = h + g € Sy, satisfies (1.6), whenever the coefficients of f satisfies (2.1).
We use the fact that R (w) > & if and only if |1 — & +w| > |1 + & — w]|. So it suffices to show that

J;,bf(z)
z

‘1—6+1+’1y{(1—)\) +)\(J;,b8qf(z))—1}‘

>‘1+ﬁ—1—i{(1—x)‘]‘ib(z)+A(J;,baqf(z))—1} ,

z

or equivalently,

J;,bf(z)
z

2-8)y+(1-=X) +>\(J§’b8qf(z))—1‘

JS z
kvﬂk)%ﬁ()kwﬁ%f@Dz

z

> 0.

Using (1.3) and (1.4), from the left hand side, we get

=8y + (-0 {1+, () ane" ™+ 0 (frgt) Been 1)

oo (1+Y], s n— e [1+b], s T on—1
{15, () ol gt + 50, () o), BT} 1
oo (1+Y], s n— 0o (14Y], ST
By+(1—=2X) {1 +> s (—[n+b]q> anz"t+ 3 ([n+b]q> b,z 1}

b

(s () ol et 0 (i) ol BT}
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this implies

-7+ T {1 =N+ A0} (frag) ane
+ 21 {(1 —A)+A [n]q} ([[iiz]]z)s b zn—1

S {< e o} (i) ane
+o =N+, ) (k) T

1+

§3ﬂ1M+A[]}<F12> ol 17
RO B (T ( )lmwl
*i{(l—)\)Jr/\[ ] }Gnib]]) N

I B 25, {1+ E[n]q ~1) A} (e ) lan] 2"

—250ey e (nl, = 1) A} (G ) ol 1217

The above expression is nonnegative by (2.1). Hence f € ’HS;’b (o, B).

The coefficient bound, given by (2.1), is sharp for the harmonic function

with 3505 o [en| + 3202 [yn] = 1. 0

For different choices of parameters, we deduce certain new results as following.

If s =0 in Theorem 2.1, then we have a following new result.

Corollary 2.1. Let a function f(z) = h(z) + g(2) € Sy given by (1.1) and satisfies

i {{1 + (Wq - 1) A} [lan| + Ibnll} <1+(1-8)7,

n=1

where f € [0,1), v € C\{0}, A € [0,1] and q € (0,1). Then f € HS, (v, A\, B). This result is sharp.

If ¢ — 17, then Corollary 2.1 reduces to a new result as follows:
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Corollary 2.2. Let a function f(z) = h(z) + g(2) € Sy given by (1.1) and satisfies

S {1+ (= 1) A} an| + [bal]} < 1+ (1= B)7,

n=1

where B € [0,1), v € C\{0} and X € [0,1]. Then f € HS (v, A, 8). This result is sharp.
If we take v =1 in Corollary 2.2 then we obtain.

Corollary 2.3. Let a function f(z) = h(z) + g(z) € Sy given by (1.1) and satisfies

DAL+ (=1 A Jan| + ball} <25,

n=1

where € [0,1) and X € [0,1]. Then f € HS (N, 3). This result is sharp.

Moreover, when A = 1 in Corollary 2.3, we get the sufficient condition for f in HS (B).
Now, we state and prove the necessary and sufficient conditions for the harmonic functions f = h + g to

be in %j’b (v, A\, B) as following.

Theorem 2.2. Let f = h+7g € Sy given by (1.5). Then f € %jb (v, \, B) if and only if

(2.2) f: {{1 + ([n]q - 1) )\} llan| + \bn\]} Gi:]]q) <14 (1-B8)n,

n=1

where s e R, b> 1, 8 €[0,1), v € C\{0}, A € [0,1] and q € (0,1).

Proof. The sufficient condition is obvious from the Theorem 2.1, because %j’b (v, \,B) C 'HSZ’b (v, A\, B).
We need to prove the necessary condition only, that is, if f € %Z’b (7, A\, B), then the coefficients of the
function f = h + g satisfy the inequality 2.2.

Let f € %z’b (7, A, 8). Then, by the definition of ’HTT;’IJ (7, A, B), we have

(2.3) R [1 + % {(1 ) qufﬂz) (T8, (2) - 1} _ [3} >0,

where se R, b>1, 8 €[0,1), v € C\{0}, A € [0,1] and ¢q € (0, 1).
Equivalently, we can write (2.3) as

J;,bf(z)
z

(2.4) 8%{(16)7+(1/\) + A (T2,0,6(2)) 1} > 0.

Substituting f = h 4+ g in (2.4) and employing (1.4) along with (1.5), and also some computation yields

1=B)y+(1-2x) {1 D D (%)S lan| 2" = 3202, (%)S |bn|2”*1} > 0.

R
00 [1+b],\° _ 00 [1+b],\® e =
{1 = () Il lanl 27 = 202 (o) [l al 2271} =1
This implies

o0

R [(1 =B)r = {1+ (Inl, - 1) Aflaal 2 - i {14 (], 1) A} |bn|z”1] >0,

n=2
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The above required condition must hold for all values of z in 4. Upon choosing the values of z on the positive
real axis where 0 < z = r < 1, we must have

@5 a=mr- 3 (i (i, — 1) A el = 3 {1 (o], - 1) Al 2 0

If the inequality (2.2) does not hold, then the numerator in (2.5) is negative for r sufficiently close to 1.
Hence there exists zg = 7o in (0, 1) for which the quotient in (2.5) is negative. This contradicts the required

condition for f € ’HST;’b (7, A, 8) and so the proof is complete. O

.
Next, we want to discuss the distortion bounds for the function f € ’HS? (7, A, 8), which yields a covering

result for this class.

Theorem 2.3. If f € %Z’b (v, A\, 8) and |z| =r < 1, then

(L= [bu)r = Tr? < |f(2)] < 1+ [ba]) 7 + T2,

240, \° _
(2.6) T = <[1 b]q> U=Fry _ ! by |
48 ) (2, -)a+1 (2,-1)r+1
Proof. Let f € mj’b (7, A\, B). Taking absolute value of f, we get

L+ o)) r+ > (lan| + [ba]) r?

1) < 2
< (Q+bl)r+ {({2}((11—3);55?11 ;
S (D) )
< (L4 )+ {({2}(:_—15));3:}17[]11 ;
niz {([n}:llﬁ?)i?ni}zf]l;b]z (lan] + [bn]) p
¢ s (=D

{([z}q—l)AH}[Hb];
x{l—(lf’%w}r% (by (2.2))
< (A4 |by|)r +Tr?

where T is given by (2.6). Hence this is the required right hand inequality. Similarly, one can easily prove

the required left hand inequality. O
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By making use of the left hand inequality of the above theorem and letting » — 1, we obtain

Corollary 2.4. (Covering result) If f € %Z’b (v, \, B), then

{w:fw] < (1 =L)=(1=M)[bi|} C f(E),

(1=B)y[2+0]7
([21,—1)A+1}H[1+0]3

[2+0]2
([2]q-1)A+1}[1+b]; ’

where L = and M =
{ {

In particular, we obtain the covering results for the subclasses of harmonic functions defined in Definition
1.1 and its special cases.
S
Now, our task is to determine the extreme points of closed convex hulls of 7{8;’ (7, A, B) denoted by

clco%é’b (v, A\, B).
Theorem 2.4. A function f € %Z’b (v, A, B) if and only if

(2.7) f(z) = Z (Xnhn (2) + Yagn (),

=1

hn (2) =2z — (1=B)y <[n+b]q>(z"; (n=2,3,...)

3

where hy(z) = z,

1+ ([n]q - 1) A\ L+,
and .
) = 5 — (1-58)y [n+b}q Zn. n—
()= 1+([n}q1>,\<[l+b}q> (=123,

with Y00 (X, +Y,) = 1 and X,,,Y, > 0. Particularly, {h,} and {gs,} are the extreme points of
——=s,b
HS, (1, A, B)-

Proof. We assume function f as given by (2.7)

oo

flz) = Z (Xnhy (2) + Yagn (2))

n

Il
-

I
[M]8

(2.8) (Xn+Yn) 2= XpRp2" =3 YuRyz",
n=1

n=2

3
Il
—

_ _ (=B)yln+blg
T {(In], ) A+ 0]
Equating (2.8) with (1.5), we get

where R

lan| = X, R, and |b,| = Y, R,,.

Now,

{(B, - ) x+1fin+ey, = {(l),—1)A+1
R A P vy o

WK

3
||
N

(Xn“i’Yn)*Xl:l*XlSla

I
NE

3
Il
-
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this implies

n=1

[
Thus, by Theorem 2.2, f € H

[n]q—l A+1 [1+b}2
Xn{( (l—ﬁ))y[n—i—}b]z lan|; (n=2,3,...)

{(Wb—l)A+1}H+HZ
(1—=B8)y[n+0];

5 [{( 1)+ 1} l] () <1009

So° (7, A, B). Conversely, let f € %j’b (v, A\, B). We take

and

Y, = bal; (n=1,2,..),

with % (X, + Y,) = 1.
We follows our required result by substituting the values of |a,| and |b,| from the above relations in

(1.5). O

. . Frasb . . . .
Finally, we wish to show that the class ’HSZ (7, A, B) is closed under the convex combination of its

elements.
Theorem 2.5. The class %Z’b (v, A\, B) is closed under the convex combination.

Proof. Let f;, € %Z’b (v, A\ B), i=1,2,...), with

(o) o0
fi=z— Z |ain] 2" — Z |bi,n| 2"
n=2 n=1

On using Theorem 2.2, we can write

[i{{u ([n}q—l)x}nauﬂbnn}] ([[fli’;]]) <1+(1-8)7.

n=1
) zZ".

Now,

(2.9) i %ifi =z — i < 3 ; |ai,n ) AL i (i 7 |ai,n
=1 1 n=2 \:=1

n=2 \i=

To prove our result, we use (2.8) and (2.9)

sl s )

(1=8)y[n+bl,

n=2
o0 ], = 1) A+1¢[1+0b]; [
*,;{( <1—ﬁ)mn+}b1z (;”i'b“"o
< i%il.

Therefore Y oo, s fi, € %;’b (v, A, B). O
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