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[T I N

Abstract: The present study aims at investigating some characterizations of a new subclass G, (y, T)
and obtaining the bounds on the first two Taylor-Maclaurin coefficients for functions belonging to
the newly introduced subclass. In order to achieve this, a compound function LY , (z) is derived from
the convolution of the analytic function f(z) and a modified exponential Pareto distribution G(x) in
conjunction with the famous Libera integral operator L({). With the aid of the derived function, the
aforementioned subclass G, (y, T) is introduced, while some properties of functions belonging to this
subclass are considered in the open unit disk.

Keywords: analytic; univalent; starlike; spiralike; bounded turning; Libera integral

MSC: 30C45

1. Introduction
Let Q) denote the class of analytic functions f(¢) such that

Q=0+ ot M
k=2

and be normalized with f(0) = 0 and f/(0) = 1 in the open unit disk D = { : |{| < 1}.
The single-valued function f({) is said to be univalent in D if it never takes on the same
value twice. In other words, if f({1) = f({2) for {1,{» € D, then {1 = {». Also, let A
denote the class of all univalent functions that are in (2. In 1973, Singh [1] examined a
subclass of A (known as Bazilevic functions of type A) denoted by B;(A)(A > 0) satisfying
the condition

%{W}>O, A>0, CeD.

Letting A = 0 and 1, respectively, the said class, B1(A), yields the well-known subclasses of
starlike and bounded turning functions satisfying the geometric conditions

%{éffég)}>0, ebD

and

{f'(¢)} >0, CeD.
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In the present study, for function f(g) € ), we say that B; (A, T) is the class of Bazilevic
functions of type A, order T provided that

%{W,}>n A>0, 0<t<1, Ce€eD.

Furthermore, in [2], Al-kadim and Bashi defined the cumulative probability function
of the exponential Pareto distribution (EPD) as

Gx)=1—¢"1G)"; x>0, ()

where 7,0 > 0 are shape parameters and n > 0 is a scale parameter.
The concept of the aforementioned distribution G(x) was first initiated by Gupta etal. [3]
in 1998, with its probability density function (pdf) expressed as

G(x,7,0) = y0(1+x) 71— (14 x)77),

where 0 and 7y are two shape parameters.

One major advantage of the exponential Pareto distribution (EPD) is the scaling pa-
rameter, which can be applied to different areas in real life situation. The distribution has
the ability to capture the long-tailed nature of many real-world data sets, identify patterns
and trends in data, and due to the importance of the exponential Pareto distribution in ana-
lyzing lifetime data FC, various applications of the distribution have been considered and
studied in the literature. For example, Al-Kadim and Boshi in [2] discussed exponential and
Pareto distributions and presented some properties which include the moment generated
function, mean, mode, median, variance, the r-th moment about the mean, the r-th moment
about the origin, reliability, hazard functions and coefficients of variation, of skweness
and of kurtosis and estimated the parameter. Haj Ahmad et al. [4] used a unit exponential
Pareto distribution to model the recovery rate of COVID-19; Idowu and Ajibode in [5]
considered the use of the exponential Pareto distribution to improve raw material quality in
cement production and for drawing control charts. See also [6,7] among others, for details.

It is, however, observed that there are no known applications of the exponential and
Pareto distribution in geometric function theory in the literature now. Hence, the authors
intend to investigate some relevant connections of this distribution (EPD) in geometric
function theory in this study. Consequently, we let { = v + €i for € > 0 such that G(x) is
now defined as

G(x)=1- eié(%)a;x,n,(f > 0,0 €C. (3)
Remark 1. If we set € = 0, then (3) reduces to the usual exponential Pareto distribution
given by (2).
Equation (3) can be normalized such that
) (2) e =g+ 3o (X)) e @
n =\n ’

In view of (1) and (4), we can say that

h(@) = (1) (2) 76 « £(2).

n
That is,
h(Q) =g+ Y bk Dk, )
k=2

. (2
where for convenience we let b = (£)°.
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Furthermore, in 1965, Libera [8] defined an integral operator L({) as

- % /ff(t)dt; ©)

see also [9,10], among others.

It is worthy to note that the Libera integral operator defined in (6) maps each of the
subclasses of starlike, convex and close-to-convex functions into itself, which makes the
operator symmetric in nature. It converges uniformly, which makes it asymptotic in nature.
Since (5) and (6) converge uniformly, in this study, we can replace f(t) in (6) with the
function h({) derived in (5), such that

It is trivial to see that

5+Z<k+1>< )" @)

It is imperative to note that the series derived in (7) is uniformly convergent for
[n°]

|§ | < UARST: p # 0, then the radius of convergence R is given by R = Il

plx|
= o0.

Given the series

while for p =0,

Tt Z(k+l>( s

as a convolution of f({) defined by (1) and ¢(¢) defined as follows:

-t B ()

so that L7, (¢) = f(Z) *g(Z) = Ly(Z), Now let

= () G

which implies that

b1 = (,(i2> (5)"

By the ratio test of convergence,

2 ko k-1 ko—o
1m|k+1:hm| ad ><(+)n
k—o00 k—00 (k + 2)1’[’“7 Dxko—o
~ lim |k—|—1 ’7| |k+1| x‘7<1
- k—o00 k—|—2 nv k%oo k+2 nv

for a convergence series. Hence, the series converges for x” < n” and diverges for n” < x/.

The test fails for n” = x7. For the purpose of this study, therefore, we assume x? < n’, since
. - . o -

the  series converges with the radius of convergence 7z and the interval of convergence

n" < |¢] < %. We remark that since x, n and ¢ are greater than zero or non-negative, the
parameters 7> > is such that xt, € (0,1), the unit disc.
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Using (7), therefore, we give the following definition:

Definition 1. Let the functions f({) and Ly,({) be defined, respectively, by (1) and (7). Then,
Ly (Q) belongs to the class Gy (T, jt) of a-pseudo-spiralike functions of order T (associated with the
exponential Pareto distribution and Libera integral operator), provided

o(L@)"
Ly(0)

Re{ e* >rTcosy, (€D, 9)

whereaw >0, 0 <1< 1, |u| <Z,x,n,0>0.

Remark 2. (i.) Firstly, we note that if we set T = 0 in (9), then we write Go(u) in place of
Gu(0, ).

(ii.) Setting & = 1 in (9), we obtain the class G1 (T, i) of 1-pseudo-spiralike functions of order
T, or simply the class of spiralike functions of order t.

(iii.) If we let & = 2 in (9), then we obtain the class Gy (T, u) given by

L
Re{e’” ngh((g)) [Ly(2)] } > TCOS |,
which is the product combination of geometric expressions for spiralike and bounded turning
functions of order T.

(iv.) Letting &« = 1 and y = 0 in (9), we obtain the class G1(7,0) of 1-pseudo-starlike
functions of order T, or simply the class of starlike functions of order T.

(v.) Ifwe let « = 2 and p = 0 in (9), then we obtain the class Gy(t,0) given by

CLy() ¢,
Re{ L:(g) [Lb(g)]} > TCos L,

which, obviously, is the product combination of geometric expressions for starlike and bounded
turning functions of order T.

Next, we show that G, (7, i) is a subclass of By (A, T) and, therefore, a-pseudo-spiralike
functions are Bazilevic and univalent in D. Also, we obtain some characterizations as well
as integral representations of these new classes of functions. Furthermore, we consider
the coefficient estimates and Fekete functional for the functions belonging to the newly
defined class G,(T, it). At this juncture, it is noted that though for « > 1, the classes of
a-pseudo-spiralike functions have similar traits as the analytic representation of spiralike
functions, the likely inclusion relations between them is an open problem. The Libera
integral operator as a tool for investigating the geometric function is used in this study
because of its useful properties, such as preservation properties and conformal mapping
properties, among others.

2. Some Characterizations for the Class G, (7, u)

Before proceeding to the results and their proofs, the following well-known Lemmas
shall be considered.
Let P; denote the class of analytic functions p(¢) in D, given by

pQ)=1+pil+pl+...=1+ Y. pl" (CeD),
k=1

and satisfy the condition
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Re[p(Q)] > tcosp, 0<T<1, |y <g.

(10)

The class P is the class of Caratheodory functions of order 7. For the case T = 0, we simply

write P instead of P;.

Lemma 1 ([11]). Let { be a complex number with positive real part. Then, for t > 0, t € [0,1], we

have Re" > [Rel]".

Lemma 2 ([11-13]). Let the function p € P (class of Caratheodory functions) be given by

p(Q)=1+Y pl*  (CeD);
k=1
then
lpr| <2 (ke N=1{1,2,...}),
where

p(0)=1 and Re(p(Q)) >0 ((eD),0<t<1, |yl < g

Lemma 3 ([11-13]). Let p € Pr. If

then
P(0)=1 and 3%[1/;(5)} > (tcosp)t.
Proof. We observe that 1(0) = 1. By applying (10) and Lemma 1, we can say that

t

Re[p(0)] = Re[p(0)]',
which implies that

Re[(2)] > (Re[p(@)])
Therefore,

Re[((2)] > (vcosp)

and this obviously completes the proof. O

(11)

(12)

Lemma 4 ([11-13]). If p({) = 1+ p1l + p2l® + ... is an analytic function with positive real

part and v is a complex number, then
|pa — vp3| < 2max{1; |20 —1|}.
The result is sharp for the functions given by

_ 1+
-1

_1+¢
-1

Lemma 5 ([14]). Let q(g) be analytic in D with q(0) = 1 and suppose that

() 4pp+8—p—1
<a}> Blo+1)

ThenRe[q(@)} > Bfort <B<land0<p<1l

p(&)

and p(g)

Re{1+g‘g (¢ € D).
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Theorem 1. Let Ly({) be of the form (7) and belongs to Go(pt). Then, for & > 1, |u| < 7,
0<t<landl €D, Ga(T,“M) CBi(1-1/a, T% cos% ‘u)

Proof. Suppose that L,({) € Gu(¢). Then for some p € P, we set

(@)
=7
) == (13)
Obviously, (13) can be expressed as
(@) =g £EO 4 (14)
(Lb(g))a
From (14), we obtain
L1z (L(©)
(r@)" = (&) (& ) (15)

In view of Lemma 3, we obtain

a8/ (L40) e
e/ (Lb((g)b)l/"‘)] > (Tcosy>

and, taking A =1 — %, we obtain the required result. O

Re

Theorem 2. Let Ly,({) be of the form (7) and belongs to Go(u). Then Ly (L) can be represented by
the following integral:

1

N D DI R
Lb(z)—[/( . )e a( ; ) dt] , if a>1
0

Proof. Since Ly ({) € Gu(T, jt), there exists p in Pr such that

()" - (eiﬂ)id (IM)) : (16)
(@)
Then, taking A = 1 — 1, we have
a0 (1)
(r@) "= (") Lb(g))H
such that
@) ) e - HO) w
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Since e
8 o] - ]
b
therefore, o o -
(L@) ] =a(e)" (p@) " (18)

Simple computation of (18) yields

1
A

Ly() = [(elﬂ)“ i AP (p(t))”dt] ,
0

which yields the required result. [

Remark 3. (i) If & = 1in (12), we have the integral representation of the spiralike function given
¢
Ly(C) = exp / e_i”@dt.
0
(ii) If o« = 1 and y = 0in (12), then the integral representation of the starlike function given by

[ o)
Ly(2) :exp/pTdt, if a=1
0

is well-known.

Theorem 3. Let L,(() be of the form (7) and satisfy the condition that

Re{ei" {aé(%/(g)) g(%(g))} } N 4 —(p+ 1)(1 —1—4,3cosﬂ)‘ 19)

Ly@) (L) 4B(p + 1)

Then, Ly(7) € G,x(y)for% <B<L0<p<1a>1,|ul < 7Fando,x,nareas earlier defined.

Proof. Define .
@]
—en L 1
p(C) Ly(2)
Taking logarithm differentiation of both sides, we obtain

') — welt (L;’/(C)> _ (LZJ@D 1 il (20)

p(0) (Lb@)’ (Lo(@)

Now, using Lemma 5 in (20), we have

P _ i i (L;;(g)) (Li(m
Re{1+§p(g) } =Re{ (1+¢€") +e*|ag (Li)(g)) —g(Lb(€)>]
4pp+8—p—1

4B(p+1)
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and this completes the proof. If we set f = % in Theorem 3, we obtain the following

corollary. O

Theorem 4. Let Ly, ({) be of the form (7). If L,({) belongs to the class G (u, T) of order T, type

«, then
3 (eiV — Tcos y)
P ——
(201 1) (%)
and ‘ '
4(e' — 2(4ay —2 1) (et* —
oy < (e Tcosil.max{l; - (4ap — 201 + 1) (e : TCos i)
(3a1 —1) (%) (201 - 1)
Proof. From (9), we have
o
([Lh@))
H
Rqe 5,(0) > TCos .
Now, set
o([0)
et —Tcosp
Y = ()
et — Tcos '
Then
4
et ([L/b(g)]) T + (eiV T )p(2)
= T COS — T COS .
Ly () . P
This implies that

. 4 . X a 3 . 16 X 20
iy =i -~ 2 v ip —~ 2 (7) 3
e C+3e al(n) aC” + [20411134-@ 904211} p "+

. . 2. v
=M+ [(el” —Tcosp)pr + 561’* (%) az] ?

. 2 . X\ 1/x\20 .
+ (ezy_Tcosy)p2+§(elu_Tcosy) (H) p1a2+§<ﬁ) elVa3}§3+.-- .

By comparing the coefficients of both sides, we obtain

3(617‘ — Tcos y)
az = — 7 P1
2et (207 — 1) (%)

and

2(e* — T cosp) { (4ap — 201 + 1) (¢ — Tcosp) ,
az = -

2 2
(Bua = 1)(3) e (201 — 1)l

2

(21)

(22)

(23)

(24)

(25)

Applying Lemma 2 in (24) and Lemma 4 in (25), we obtain the required results, as seen in

(21) and (22), respectively. O
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Theorem 5. Let Ly ({) be of the form (7). If L,({) belongs to the class G (u, T) of order T, type
a, then

|lag — va%|
(e — T cos )

1+ .
4(2a1 — 1)

4t —
_ @msmmx{l;

- (Ba; —1) (%)20

Proof. Using (24) and (25) for any complex number v, we have

[8 (402 — 201 +1) + 903 — 1) ‘}

) 2(e* — T cosp) { (e —Tcosp)
a3 — iy = — w P2 T 3
eit (31— 1) (%) 8elt (201 — 1)

In view of Lemma 4, we obtain the desired result. [

[8(4a2 — 207 + 1) +90(3ay — 1)] p§}.

3. Conclusions

The present study is primarily concerned with a new function L, ({), derived through
Hadamard product/convolution, modified exponential Pareto distribution (EPD), Libera
integral operator and differential calculus. Using the new function with the help of the
subordination principle, a new subclass G4 (1, T), associated with modified EPD and the
Libera integral operator is introduced. In view of the newly defined subclass, some char-
acterizations as well as coefficient bounds for functions belonging to the aforementioned
subclass are investigated using a succinct mathematical approach, while several other corol-
laries follow as simple consequences. Interestingly, it is worthy to note that the exponential
Pareto distribution (EPD) is a great tool in analyzing many lifetime data and the symmetric
properties are due to the involvement of the Libera integral operator and convolution
transform. Finally, it is noted here that the bounds obtained in this work could be used in
the future to study bi-univalent problems as well as Hankel determinants and these are left
has open problems.
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