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Abstract: A new differential-integral operator of the form I"f(z) = (1 — A)S"f(z) + AL"f(z), z €
U, fe A 0<A<L1, ne Nisintroduced in this paper, where S” is the Sdldgean differential operator
and L" is the Alexander integral operator. Using this operator, a new integral operator is defined as:

z B
F(z) = [ﬁ;y / I"f(z) - tPT772dt|, where I" f(z) is the differential-integral operator given above.
0

Using a differential subordination, we prove that the integral operator F(z) is starlike.

Keywords: differential subordination; analytic function; univalent function; convex function; starlike
function; dominant; best dominant

1. Introduction and Preliminaries

The introduction and study of operators has been a topic that emerged at the very beginning of
the theory of functions of a complex variable. The first operators were introduced during the first years
of the twentieth century by mathematicians like ].W. Alexander, R. Libera, S. Bernardi, P. T. Mocanu
and many more. The Alexander integral operator is such an example, defined by J. W. Alexander in
1915 [1]. This paper is cited in nearly 500 papers. The use of operators has facilitated the introduction of
special classes of univalent functions and studying properties of the functions in those classes, such as
convexity, starlikeness, coefficient estimates, and distortion properties. The Sildgean differential operator
was introduced in 1983 [2] and is cited by over 1300 papers. It has been used in obtaining new classes
of functions and proving many interesting results related to them. The operator we introduce in this
paper gives a new perspective in the theory related to operators by combining the integral Alexander
operator and the differential Sdldgean operator. The results were obtained also using the means of the
theory of differential subordinations introduced by Professors Miller and Mocanu in two papers in 1978
and 1980 and condensed in the monograph published by them in 2000 [3]. This theory has remarkable
applications allowing easier proofs of already known results and facilitating the emergence of new ones.
The idea of combining integral and differential operators is illustrated in the very recent paper [4] where a
differential-integral operator was defined and using the method of the subordination chains, differential
subordinations in their special Briot-Bouquet form were studied obtaining their best dominant and, as a
consequence, criteria containing sufficient conditions for univalence were formulated. Similar work
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containing subordination results related to a class of univalent functions obtained by the use of an operator
introduced by using a differential operator and an integral one can be seen in [5].
We use the well-known notations:

H(U) is the class of functions analytic in the unitdiscU = {z € C: |z| < 1},
ForacC,neNHy, ={feHU): f(z) =a+bz"+..., z€ U},
o Ay={feHU): f(z) =z+a, 12" +..., z€ U}, with A; = A,
!
o S*¥= { feA Re ZJJ: (S) >0,z€ U} is the class of starlike functions in U,
1
e K= { feA Re ZJJ:, (S) +1>0,ze€ U} is the class of normalized convex functions in U.

The definitions of subordination, solution of the differential subordination and best dominant of
the solutions of the differential subordination are recalled next as they can be found in the monograph
published by Professors Miller and Mocanu in 2000 [3], which gives the core of the theory of differential
subordination:

If f and g are analytic in U, then we say that f is subordinate to g, written f < g or f(z) < g(z)
if there is a function w analytic in U with w(0) = 0, |w(z)| < 1 for all z € U such that f(z) = g(w(z))
for z € U. If ¢ is univalent, then f < ¢ if and only if f(0) = g(0) and f(U) C g(U).

Let p : C* x U — C and & be a univalent function in U. If p is a analytic function in U which satisfies
the following (second-order) differential subordination:

7
7

p(p(2),2p'(2),2%p" (2);2) < h(2),

then p is called a solution of the differential subordination. The univalent function g is called a dominant
of the solutions of the differential subordination or more simply a dominant, if p < g, for all p satisfying
the differential subordination. A dominant 4 that satisfies § < g for every dominant 4 is said to be the
best dominant.

A well-known lemma from the theory of differential subordinations that is used in proving the new
results is shown as follows:

Lemma 1. [3] Let g be univalent in U and let 6 and ¢ be analytic in a domain D containing g(U ), with ¢p(w) # 0,
when w € g(U). Set
Q(z) =24'(z) - ¢lg(2)], h(z) =0[4(2)] + Q(2),
and suppose that
(1) Q is starlike and

) o [0@)] | 20)
WG T gl T o | 7Y Ee
If p is analytic in U, with p(0) = q(0), p'(0) = ... = p*=D(0) = 0, p(U) C D and

then p(z) < q(z), and q is the best dominant.

In order to define the new differential-integral operator, we need the following definitions:
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Definition 1. [2] For f € A,n € N = N*U {0}, let S" be the differential operator given by S" : A — A with

$%(z) = f(2)

;S”Hf(z) =z[S"f(z)], z € U.

o
Remark 1. If f € A, f(z) =z + ) _ a2/, then
j=2

S'f(z) =z + Zj”-a]-zj. 1)
j=2
Definition 2. [6] For f € A, n € N = N*U{0}, let L" be the integral operator given by L" : A — A with

L°f(z) = f(2)
z 70
Ve = [ H 0

t

L"f(z) = /z wdt, zeU.

0 t

Z
Remark 2. (a) Forn =1,L'f(z) = / @dt becomes Alexander integral operator [1].
0

(b)For f € A, f(z) =z+ Y_ a;zl, we obtain:
j=2

Lnf(Z):Z+i.ln‘ﬂij~ 2
=2/

2. Main Results
Using Definition 1 and Definition 2, we introduce a new operator, as follows:
Definition 3. Let 0 < A <1, n € N = N*U{0}. Denote by I" the differential-integral operator I" : A — A

given by
I"f(z) =(1-A)S"f(z) + AL"f(z), z € U, (©)]

where S" is Sdlidgean differential operator, and L" is Alexander integral operator.
Remark 3. (a) For A = 0, I"f(z) = S"f(z), the differential-integral operator is equivalent to Siligean

differential operator.
(b) For A =1, 1" f(z) = L" f(z), the differential-integral operator becomes Alexander integral operator.
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(c)For f € A, f(z) =z+ Y_ ajz/ we obtain
=2

e

1 ,
I"f(z) =z+ (1—)\)j"+/\-]_—}1 a7, z € U. 4)

2

]

Using the differential-integral operator introduced in Definition 3, we define a new integral operator,
which can be seen as generalization of some well-known integral operators.

Definition4. Lety > 0,0< B <1,n € N=N"U{0},and f € A, I"f € A, where I" is given by Equation (3).
The integral operator F : A — Hy, ) is defined as:

F(z) = [5” I tﬁﬂ—%ﬂ ’ 5)

z7 0

Remark 4. (a) Forn =0,8 =1, v > 0, we have

1+'Y/f -y,

which is the Bernardi integral operator [7].
(b) Forn=0,B =1,y =1, we have

=2 [ ran

which is the Libera integral operator [8].
(c)Forn =0, =1, =0, we have

:/OZ itt)dt,

which is Alexander integral operator [1].
(d) For  =1,n € N*, v > 0, we have

F(z) = 1;”’ () - e

which was studied in [6].
(e) For n = 0, we have

1
F(z) = ﬁ+7/ F(t) - 772445,
B>0,B+v>0andp > 2v(1— B) studied in [9] where the authors have proved that F € S*.
Using a differential subordination, we prove that the operator given by Equation (5) is starlike.

Theorem 1. Let 0 < B <1,7>0,n € N=N*U{0}, and let

14z 2z
Iz (-2 +ptr+rA-p-na

h(z) = zel.
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Iffe Aand

1 a(I"f(z) | p1

B I f(2) + B < h(z), ze U, (6)
then )
F(z) = [ﬁy [ g ra

is starlike, i.e., F € S*, where I" f is given by Equation (3).

Proof. From Equation (5) we have

Fb(z) = Bta [f I"f(z) - tFT7-24t,
0

zv
and .
PR = (B+7) [ 1"f()- 472 )
Differentiating Equation (7), we obtain
PP [y be g | = (B ) ®
We let "
p(z)=z- F((j))' z e U. 9
Using Equations (9) in (8), we have
FP(2)[y + Bp(2)] = (B+I"f(z) - 2P (10)

Differentiating (10), we get

zF'(z) zp'(z) _ z(I"f(2))'
PR P arEee T e P v
Using (9) in (11), we have
b @1 G 1 )

r+Epiz) B I'f(2) p

Using Relation (12), the differential subordination of Equation (6) becomes:

zp'(z) _1+z 22
R R (e e B ey e =

In order to prove the theorem, we shall use Lemma 1.
Ifweletd:D C C— Cand ¢ : D C C — C be analytic,

(13)

0(w) =g, p(w) = m in a domain D.
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Forw = ¢q(z) = g,we obtain
9@ = 15— = —
Plg —1j§+ﬁ+7_1+[3+7+z(1—/§—7)
_ , B 2z
Q(Z)—Z'Q(Z)‘CP[‘?(Z)]— (1_2)[1+‘B+,Y+(1_‘3_,Y)Z]
and

_1+z 2z
1z @M +BratA-p-nd

h(z) = 0la(2)] + Q(z)

Next we show that conditions in Lemma 1 are satisfied. We prove that the function Q is starlike.

Differentiating Equation (15), we have

zQ'(z)  z N 1+B8+7
Qz) 1—-z 14+B+9+(1—-B—19)z
We take 0'(2) .
zQ'(z z
Re 6] :Rel—z+(1+‘B+7)Rel+ﬁ+7+(1—ﬁ—7)z
_ 1 (A+B+7)*+ (1A +B+7)(1—B—7)cosa
2 [+B+y+(1—B—7)cosa]2+ (1—B—7)2sina
_ 2(B+7) 50
1+B+7+(1—B—7)cosa]®+(1—p—7)?sin*a =
We have shown that Re Zg;S) >0,z € U,ie, Q € S* hence (i) from Lemma 1 is satisfied.

We evaluate now: .
—z

R B e B
_ 2B+ 2v(1 — cosa)
T A Br+(—B—)cosa+(1—p—n)2sinta L OSP=L 120

Since Q is starlike and Re ¢[g(z)] > 0, we have

zl (z)
Q(z)

Next we prove that p(0) = (0), p € H1,5) and p is analytic in U, where

Re

>0,zeU.

_ zF'(z)
F(z)

p(z) ,zeU.

From Equation (4), we have

I"f(z) =z+ Z (1—)\)j”+)\~jln ajzj =z+ Zb]-zj,
j=2 j=2

6 of 9

(14)

(15)

(16)
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where

1

o

and we obtain

FP(z) =2P+ Y P71, z el
=2

Differentiating Equation (17), we have
BFPTI(z) - F(z) = pP 1+ Y qjlj+p—1) -2 P2
j=2
Further, we deduce

P+ Y di TP
(z) = 2F'(z) _ /=2 = 1+ pz+ 2>+
p = F(Z) = pP1 p2 e

P+ Y P!
j=2

For z = 0, we obtain p(0) = 1and p € H; 1}, hence F it is analytic in U.

Since q(z) = %, we have g(0) =1, p(0) = q(0) = 1 and

1

0lp(2)] +2p(2) - 9lp(2)] < 0la(2)] + 24 (2) - Pla(2)] = h(2)-

We have proved that we can use Lemma 1. By applying it, we have p(z) < g(z), i.e.,

zF'(z) 14z
F(z) <q(z) = 1-2z’

z € U.

is a convex function and

1
Since q(z) = 7 tz

Re L TZ 20 zcu,
1—2z

the differential subordination in Equation (20) implies

zF'(2)

Re 16

> Req(z) >0, hence F € S*.

7 of 9

17)

(18)

(19)

(20)



Mathematics 2020, 8, 694 8of 9

1 1
Example 1. Let/\zi,nzl,ﬁzi,’)’zzf
14z 4z 1,
h(z) = =24
@) =Tt apoay @ =2t 2l
1 ! 1 2
Sf(z):zf(z):z—i—iz,
1 ZH_%Z 1,
L'f(z) = dt =z 4 -
f2) = | 2437,
1 1 5
1 _ -l -71 _ 72
If(z)fzs f(z)+2L f(z) = z+16z
1025 3\2 25 ,, 625 4
k@) = (ZZ +1122> ~ 5" T ism”
and
25 1875 ,
2F(z) 1587 T osas” (z) = LE2
Fz) .2, 65 , 1B =13

56° T 12544”
1 z(I'f(z))  B-1_4(8+52)

B I'f(z) B 16+5z
From Theorem 1, we have:
Iffe A and
4(8 + 5z) 1+z 4z
22T g
655 S izta-pmoay iY
then
B, 1875
p(z) = 2F'(z) _ " T 28% T 154" | 1+2
FE 42, 02 0 127
56 12544
meaning that F(z) = z + § 2 4 > 23 is a starlike function
§ ~ 56" T 12544 ‘

3. Conclusions

A new differential-integral operator is introduced proving that this operator is starlike. An example is
given to show how the result can be applied in finding such operators. As it is the case for most operators,
special classes of univalent functions could be introduced using it and this is subject to further studies.
Another problem that can be studied is related to the parameters  and 7y used in the definition of the
operator. In this paper they are positive but the case of § and 7 being complex numbers could be subject
of further investigation. Starlikeness of certain order 0 < a < 1 can also be further studied both for the
case of B and 7 positive and for § and v complex numbers.
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