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On subclasses of analytic functions defined by using Tremblay
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Abstract

By making use of the Tremblay operator, we introduce new subclasses of analytic functions, for which we obtain some
sufficient coefficients estimates, and the consequences are some subordination properties and partial sums inequalities.
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1 Introduction

Let A denote the class of univalent and analytic functions in the open unit disc U = {z € C : |z| < 1}, and normalized
by the conditions f(0) = f’(0) — 1 = 0. It is clear that every function belonging to the class A can be given by the
following Maclaurin’s expansion:

fz) =24 arz", (1.1)
k=2
A function f belonging to A is said to be starlike function of order o (0 < « < 1), if
2 (2)
Re >a(zel), 1.2
(9} oo ’

the suclass of all starlike functions of order « is denoted usually as S*(«). Further, a function f belonging to A is
said to be convex function of order o (0 < e < 1), if

2" (2)
Re< 1+ >a(zel), 1.3
{ e } () (1.3
we denote by () the subclass of all convex functions of order a. We note that $*(0) = §* and K£(0) = K.

From (1.2) and (1.3), it is clear that

feK(e) < ge8(a)g(z) =2f (2).
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For details about the subclasses S*(«) and (), see MacGregor [10], Schild [13], and Pinchuk [12].
The modified Hadamard product (or Convolution) of function f € A given by (1.1), and g € A given by

9(2) =2+ Y bi2¥, (1.4)
k=2
is defined by
(fx9)(2) =2+ > _axbez® = (g% f)(2). (1.5)
k=2

Also, the Subordination Principle between functions f € A will be used here and is recalled as following (see [4] and
[11]):

If f and ¢ are analytic in the open unit disc U, we say that f is subordinate to g, written as f < g in U or
f(z) < g(2)(z € U), if there exists a Schwarz function w(z), which (by definition) is analytic in U with w(0) = 0 and

|lw(z)| <1, (z € U ) such that f(z) = g(w(z)) (z € U). Furthermore, if the function g(z) is univalent in U, then we
have the following equivalence holds:

f(2) < g(2) <= f(0) = g(0) and f(U) C g(U).

Moreover, the definitions of Riemannian fractional integral and fractional derivative are important for our results.
(For details, see [15 [16] 21], 20], also references cited therein).
Definition 1.1. The fractional integral of order § is defined, for a function f(z), by

N S (S T
DO f(z) = F(é)o/(zc)“dC’ (6> 0), (1.6)

where the function f is analytic in a simply-connected domain of the complex z-plane containing the origin and the
multiplicity of (z — ¢)°~1 is removed by requiring log(z — ¢) to be real when z — ¢ > 0.

Definition 1.2. The fractional derivative of order ¢ is defined, for a function f, by

5 _ 1 d / fQ
D) = = dZO/(Z_O&dg, (0<6<1), (1.7)

where the function f is constrained, and the multiplicity of (z — ¢)~% is removed as in Definition 1.1 above.

Under the hypothesis of Definition 1.2, the fractional derivative of order n+ 4§ (0 < < 1 and n € Ny = {0,1,2,...})
is defined for a function f by

D f() = S ADY(2)} (06 < 1Lim e No), (L8)
Also, by using Definitions 1.1, 1.2, then
I'(k+1) _
DM} = 0 <5< 1k 1.
and Pk 4 1)
Jr
D76 ky . _~\v T ) _k+6 ) -k 1.1

in terms of Gamma function.

In his thesis, Tremblay [22] investigated a fractional calculus operator defined in terms of the Riemann-Liouville
fractional differential operator. Recently, Ibrahim and Jahangiri [9] extended the Tremblay operator in the complex
plane.

Definition 1.3 [9]. If f € A, then the Tremblay fractional derivative operator TH7 of a function f is defined, for
all z € U, by

TV f(2) = m,zl_“’Dg_”’z“_lf(z), (1.11)
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It is clear that for p = v = 1, we obtain
T (2) = f(2).
In [5], Esa et al. defined modified of Tremblay operator of analytic functions in complex domain as follows:

Definition 1.4. If f € A. Then the modified Tremblay operator denoted by TH7 : A — A and defined as:

) 1—'y /L—’yz/t—l >

+1 +k
+ZF'Y ) N ) kzk, (1.12)

TEf(2) = ”Tﬂﬂf( ) =

(0<7§1,0<u§1,0§u*’7<17u>7)
where TH7 is denoting the Tremblay fractional derivative operator defined by (1.11). For more information about
Tremblay Operator see [19].

Definition 1.5. For - 1< B<A<1,0<a<1,0<v<1,0<pu<1,0<u—y<1and p>~, let S*V(c; A, B)
be the subclass of functions f € A which satisfy

(T f(2) 1+ Az
That is, the subclass S*7(a; A, B) can be described as following:
2(Tf(2))
()
1Y (- _ :
St (a; A,B) =X feA: Bz(T;‘”f(z))’ - B <l,zeU (1.14)
7@‘;’7]“(2) —((A=B)(1-a)+B)
Also, let K" (a; A, B) be the subclass of functions f € A which satisfy
AT f(2) 1+ Az
1+ ———F < (1-« 1.15
From (1.13) and (1.15), it is clear that
fekr(a;A B) < ge S"(a; A, B);g = zf'(2). (1.16)

Remark 1.1. Specializing the parameters o, u, v, A and B in (1.13) and (1.15), we obtain the following subclasses:
2TETFE) g

) il‘f'y
() §57 (o B, =) = §%7(@, f) = f € A mgwf(z){() <By¢,
W+(l—2a)
(0<y<LO<p<L0<p-y<lLp>70<a<l0<B<Lzel)
Kt (a; 8, —B) = KM (o, B) =S fe A: (T7f(2) s\
2T Lo
(FE7f(2)) + ( Ol)
0<y<L0<p<10<p—y<lp>70<a<L0<f<1lzel)
(i)
)
S (0; B,—B) = S(a, ) =4 f € At | <B0<a<1,0<f<1lzeUY;
LG 4 (1 - 20)
T
Zf”(z)
Ku,#(a;ﬁ,—ﬁ):K(a,ﬁ):{feA: W <,8;0§a<1,0<ﬁ§1726(]}
ey +21-a)

The subclasses T(a, B) and C(a, ) are the well-known subclasses of starlike and convex functions of order « and type
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B, respectively, see [§].

(iii) P (a;1,—1) = SH7(a) = {f € A:Re {W} > a} and

2T f(2)
w1 (a1, —1) = K7 (a) = A:Re Do L b >
e, =) = K@) {fe {” (T2 1(2) }> }

where 0 <vy<1,0<p<10<pu—y<lp>v0<a<l,zel.

(iv) S*H(a;1,—1) = S*(a) and KM (a;1,—1) = K(«).

For the functions subclasses $*7(a; A, B) and K*7(«; A, B) we begin with deducing two sufficient coefficients bounds,
and the consequences are some subordination properties and the partial sums inequalities.

In the sequel, it is assumed that 1 < B < A<1,0<a<1,0<vy<1,0<pu<1,0<u—vy<1l,u>~vyand z€U.

2. Coeflicients estimates

Within this section we deduce sufficient conditions on the coefficients in (1.1) sothat the function f belonging to
the subclasses S#7(«; A, B) and K7 (a; A, B) respectively, in the following two theorems.

Theorem 2.1. If the function f be given by (1.1). Then f € S*7(a; A, B), if

S 1= B)(k—1)+ (A— B)(1 - a)] m lan| < (A= B)(1 — a)m. (2.1)

k=2
Proof. Tt suffices to show that

()
?Izwf(z) <1.
BW — (A= B)(1—a)+B)
We have
(Tf(2)
T f(2)

BRSO 5 a- By -

T f(2)
2T () — T £(2)
BT f(2) = [B+ (A= B)(1 - )] 271 (2)

oo

L(y+1) U+ k) oo
B F(u+1),;(k r T(y+ k)"
(A—B)(1—a)z — ?Eﬁ BZ[—BIH—B (At B)(1- a)]%akzk
k=2
) 3 — ) ax 2"
(A=B)(1—a)lz| - PE Z —Bk+ B+ A+B)(1—a)]m|ak|z|k
k:2
Ty +1) ¢ +k)
_ T+ 1 )];2 k;)| k|
(A= B)(1—a)— F("Y“ i Bk+B+(A+B)(1—a)]M|ak|

)= I'(y+k)
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This last expression is b ounded ab ove by 1 if

BRI - D S < (4= B - )

k:2

+1) & D(p+ k)
- —Bk+ B+ (A+B)(1 — a)|]=4——= |ax/|,
which coincides with inequality (2.1), and the proof is completed.

Further, it is easily by using (1.16) in Theorem 1.1, we obtain the coefficient estimates theorem of the subclass
K (a; A, B) and the proof is omitted.

Theorem 2.2. If the function f be given by (1.1), then f € K*7(«; A, B), if

c- L(u+ k) P(p+1)
kZZ:Q (L= B)(k = 1)+ (A= B)(1 = )] [Tk la] < (4= B)(1 = )= (2.5)

3. Partial sums
In this section we will study the ratio of a function of the form (1.1) to its sequence of partial sums defined by f1(z) = 2
and fn(2) = 2 + Y p_,arz" when the coefficients of f(z) are sufficiently small to satisfy the condition (1.9). We will

determine sharp lower bounds for Re <f ((Z))) Re ( n(z )) ,Re (J{, (2) ) and Re (’;;;((j))) )

In what follows, we will use the well known result

Re(h%) >0 (z€U),

o0
if and only ifw(z) = Y. Dyz¥, satisfies the inequality |w(z)| < |2| < 1.
k=1

Theorem 3.1. Define the partial sums f1(z) and f,(z) b
fi(z) =z and fo(z) =z + Zakz (n € N\{1}).

Let the function f € S*7(a; A, B) be given by (1.1) and satisfies the condition (2.1) and

1 k=23,..,n
> b ) ) ) )
k= { Cn+1, k=n+1,n+2,.., (3.1)

where, for convenience,

[(A-B)(k -1+ (A= B)(1 - )Ly + DI'(n+ k)

Jr
= 3.2
i (A= B)(1— )l (i + DIy +F) 32
Then ) )
z
Re >1-— zeU; neN), 3.3
{fn(z) } Cn+1 ( ) (3:3)
and ()
n\Z Cn+1
Re > . 3.4
{f(z)} 1+ cppr 34)
Proof. For the coefficients ¢ given by (3.2) it is not difficult to verify that
Cky1 > Cp > 1. (35)

Therefore, we have

Z |ak| + Cpt1 Z |ak| < ch |ak| <1. (36)

k=n-+1
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g1(2) = cnra {Ji;((zz)) - (1 B Cyi,-l)}

oo
§ k—1
Cn+1 arz

=1 + k::+1 ) (37)
1+ Zakz’f—l
k=2

By setting

and applying (3.3), we find that

(o)
Cn1 Y ol

4,1 —n
glgzi ‘ < _ k=nid . (3.8)
g1z
2-2) lakl —capr Y laxl
k=2 k=n-+1
Now,
91(z) = 1‘ <1,
g1(2) +1
if . -
Zlakl + cnt1 Z lar| < 1.
k=2 k=n+1

From the condition (2.1), it is sufficient to show that

n (o) (o)
D lakl +enpr Y arl < erlaxl,
k=2 k=2

k=n-+1

which is equivalent to

D (er =D larl + D ek = eata)ar] >0, (3.9)
k=2 k=n-+1

which readily yields the assertion (3.3) of Theorem 3.1. In order to see that

Zn+1
flz)=z+ , (3.10)
Cn+1
gives sharp result, we observe that for z = re'n that /(z) =1+ 1 as z — 17. Similarly, if we take
fn(2) Cn+1 Cn+1

g2(z) = (1+cn+1){fn(z) Cnt }

f(z) 1 + Cnt1

o0
(14 cnt1) Z apzF1
k=n-+1

—1- ! , (3.11)
1+ Zakz"?*1
k=2
and making use of (3.6), we can deduce that
(14 cn+1) Z ||
g2(2) = ’ < bentl : (3.12)
92(2) +1

n
22> ap| — (1= cng1) > ol
k=2

k=n+1
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which leads us immediately to the assertion (3.4) of Theorem 3.1.

The bound in (3.4) is sharp for each n € N with the extremal function f given by (3.10). Then the proof of Theorem
3.1. is completed.

Theorem 3.2. Let f € S*V(a; A, B), then

f/(Z) n+1
Re(fé(@) =1- Cnil (zeUmneN), (3.13)
and
f;l,(z) Cn+1
Re(f’(Z)) S n+1+cup (z€UneN), (3.14)

where ¢y, is given by (3.2). The estimates in (3.13) and (3.14) are sharp with the extremal function f is as defined in
(3.10).

The corresponding partial sums results of the subclass K#7(a; A, B) is can be obtained using the same technique
and is omitted.

4. Subordination results

In this section, we derive subordination results for the subclasses $*7(a; A, B) and K*7(a; A, B).

Definition 4.1 (Subordination Factor Sequence). A sequence {ci}32, of complex numbers is said to be a subordinating
factor sequence if, whenever f of the form (1.1) is analytic, univalent and convex in U, we have the subordination
given by

iakckzk < f(z) (z€U; a1 =1). (4.1)
k=1

To prove our main result we need the following lemma due to Wilf [23].

Lemma 4.1. The sequence {c;}72, is a subordinating factor sequence, if and only if

Re {1 - 2§:ckzk} >0 (ze€U). (4.2)
k=1

Let 8**7(a; A, B) denotes the subclass of A whose coefficients satisfies the condition (2.1). We note that S**7(«; A, B) C
St (a; A, B).

Employing the technique used earlier by Attiya [3] and Srivastava and Attiya [I7], we introduce the following theorem:
Theorem 4.1. Let [ of the form (1.1) and let f € §**7(«; A, B). Then

1-B)+(A—B)(1—« +1
BT BT T (gm0 (2) < hz) (2 € V), (4.3)

for every function h in K, and

(1-B)+(A-B)(1-a)](u+1)+(1—a) (A= B)(v+1
Re{f(2)} > ~ =Pl G20 (2 e U). (4.4)

The constant factor 2([(1—B)+(,[§1—713E)}()1+—(2)E£)ﬁ)7f()1](—MaJS&—B)(»y+1)) in the subordination result (4.3) cannot be replaced by

a larger one.

Proof. Let f € 8**7(a; A, B) and let a function h € K, such that h(z) = z + chzk. Then we have
k=2

[(1-B)+ (A - B)(1 — )] Hatlle+2)

T(y+2)T(p+1) (f % h) (2)
2 [(1—B)+(A—B)(1—a)]%—i—(l—a)(ﬁl—Bﬂ

_ (1= B)+(A—B)1—a)] (s +1) Gen )
2[(1-B)+ (A= B) (I - (it D+ (1-a)(y+ 1) (A- B)]
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(1-B)+(A-B)1-a)](u+1) S k
= z4+ Y apcpz” | . (4.5)
2[[(A=-B)+(A=-B)(1-a)l(p+1)+ (1 —a)(y+1)(A - B)] kzzz
Thus, by Definition 4.1, the subordination result (4.3) will hold true if the sequence

{ [(1-B)+(A-B)(1-a)](p+1) ak}
20 =B)+(A=B)A-a)(p+ 1)+ (1-a)(A=B)(y+ 1)) ")

is a subordinating factor sequence, with a; = 1. In view of Lemma 4.1, this is equivalent to the following inequality:

oo

N (1= B)+ (A— B)(1 - a)] (u+1) .
f {sz_l[(l—B)Jr(A—B)(l—a)](u+1)+(1—0¢)(A—B)(7+1) ¢ }>0< <0 no

Now, since

W) = (1= Bk = 1)+ (4= B - o))

is an increasing function of k (k > 2), we have

> (1-B)+(A-B)(1-a)](u+1)
e ”Z[u—B)+<A—B><1—a)]<u+1>+(1—a><A—B><v+1>“’“""k}

(1-B)+(A-B)(1-a)](p+1) B
(1-B)+(A-B)(1-a)](p+1)+(1-a)(A=B)(y+1)
H BT A B = D =a A= BT k; (1-B)+(A-B)(1-a)](p+ l)akzk}
(1-B)+(A-B)(1-a)](p+1)

>1-— r
(1-B)+(A-B)1-a)l(p+1)+(1-a)(A=B)(y+1)
1 S [(1— B)(k — _ BY(1 — )] ROED0GetR) 1k
BB i—aa-m 2, (7 B =D+ (A= B =)l roamrcam losl

(1-B)+(A-B)(1-a)](u+1) .
(1=-B)+(A-B)(1-a)](p+1)+ (1 -a)(A=B)(y+1)
1-a)(A-B)(y+1)
(1=-B)+(A-B)1-a)l(p+1)+(1-a)(A=-B)(y+1)
=1—-r>0 (2| =r<1),

>1 —

r

where we have also made use of assertion (4.2) of Lemma 4.1. Thus (4.6) holds true in U, this proves the inequality

(o)
(4.3). The inequality (4.4) follows from (4.3) by taking the convex function h(z) = T i S =% + sz
k=2

To prove the sharpness of the constant 2([(17B)+(1[4£1:13E)g();1(2)?(,€ﬂ)_&),11(52)121704)(7+1))’ we consider the function fy €

S**7(a; A, B) given by

(A-B)(1-a)(y+1) 2
fo(z) =z + z°. 4.7
"= B (A- B - o) (i1 ] .t
Thus from (4.3), we have
[(1=B)+(A=B)(1=a)](u+1) <

S BIFA-B) (-G DHA- B ey fo(2) < 7= (2 € U). (4.8)

Moreover, it can easily be verified for the function fy given by (4.7) that

; [(1-B)+(A~B)(1-a)](ut1) _ 1

e {Re srumri B e t=aermy fo(2) | =~ (4.9)

[(1—B)+(51—731?();——(3)?511)_—&)/]&(5;)1()1—a)(7+1)) is the best possible. This completes the proof

This shows that the constant 5 i
of Theorem 4.1.

By using the same technique as used above in Theorem 4.1 and considering the subclass K**7(a; A, B) C
K7 (a; A, B) satisfying condition (2.5), we give the following theorem and the proof is omitted.
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Theorem 4.2. Let f of the form (1.1) and let f € K**7(«; A, B). Then

1-B)+(A—B)(1—a)](ut1)
BT A B T T U B=aren (1) (2) < hiz) (2 € U), (4.10)

for every function h in K, and

2[0-B)+(A-B)A-a)](p+ 1)+ (A-B)(1-a)(y+1)

Re{f(z)} > - 2[01-B)+(A-B)(1-a)](p+1)

(z€U). (4.11)

1-B)4+(A-B)(1—« +1 . . .
2[(1_3)4_(%_13)21_(a)](H¥1)+({11(f3)()1_a)(,y+1) in the subordination result (4.10) cannot be replaced by

The constant factor
a larger one.

Remark 4.1.

(i) Taking p = yand A = B(0< B <1),and B = —5(0< 8 <1) in Theorem 4.1, we get the result obtained by
Frasin [6, Corollary 2.2];

(ii) Taking 4 = v and A = 1, and B = —1 in Theorem 4.1, we get the result obtained by Srivastava and Eker [I8]
Corollary 1] and Frasin [6, Corollary 2.3];

(iii) Taking 4 =+, a =0 and A =1, and B = —1 in Theorem 4.1, we get the result obtained by Frasin [6, Corollary
2.4];

(iv) Taking p =y and A = (0< B<1), and B=—5(0<f<1) in Theorem 4.2, we get the result obtained by
Frasin [0, Corollary 2.5];

(v) Taking 4 = v and A = 1, and B = —1 in Theorem 4.2, we get the result obtained by Srivastava and Eker [I8]
Corollary 2] and Frasin [6, Corollary 2.6];

(vi) Taking p =, a =0 and A =1, and B = —1 in Theorem 4.2, we get the result obtained by Frasin [6], Corollary
2.77;

(vii) Taking p = v and « = 0 in Theorem 4.1, we get the result obtained by Aouf et al. |2, Corollary 4];
(viii) Taking ;= v and a = 0 in Theorem 4.2, we get the result obtained by Aouf et al. [2, Corollary 5].

Also, we establish subordination results for the associated subclasses S**7(«, 8), K**7(a, 8), S**7(a) and K**7(«),
whose coefficients satisfy the inequality (2.1) and (2.5) in the special cases as mentioned.

Putting A=5(0< 8 <1),and B=—-§(0< 8 <1) in Theorem 4.1, we get the following corollary.
Corollary 4.1. Let the function f defined by (1.1) be in the class S*V(a, §) and suppose that h € K. Then

1+8+2B8(1—a)](p+1
SR (f *h) (2) < h(z) (2 € V), (4.12)

for every function h in IC, and

1+B+28(1-a)l(p+1)+26(1—a)(y+1)
[T+ B8+28(1 —a)] (u+1)

Re{f(2)} > — (z€U). (4.13)

[1+8+2B8(1—a)](u+1)
1+8+28(1-)](p+1)+28(1—a) (v+1)]

The constant factor 3T in the subordination result (4.12) cannot be replaced by a larger

one.
Putting A=5(0< 8 <1),and B=—§(0< 8 <1) in Theorem 4.2, we get the following corollary.
Corollary 4.2. Let the function f defined by (1.1) be in the class K**7V(a, §) and suppose that h € K. Then

1+8+28(1—«a +1
e e (1) (2) < h(z) (2 € V), (4.14)

for every function h in IC, and

Re{f(:)} >~ (2 € U). (4.15)

[1+8+28(1=c)](n+1)

The constant factor STFBT2(I—a) | (i D+ 280 =) (751

one.

in the subordination result (4.14) cannot be replaced by a larger

Putting A =1, and B = —1 in Theorem 4.1, we get the following corollary.
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Corollary 4.3. Let the function f defined by (1.1) be in the class S**7(«) and suppose that h € K. Then

2—« +1
Tt (k) (2) < h(2) (2 € U), (4.16)

for every function h in K, and

-+ +0-a)r+1)

Re{f(2)} > — (2—a)(p+1)

(z€U). (4.17)

(2—a)(p+1)
2—a)(p+1)+(1—a)(v+1)]

Putting A =1, and B = —1 in Theorem 4.2, we get the following corollary.
Corollary 4.4. Let the function f defined by (1.1) be in the class K**7(a) and suppose that h € K. Then

2-a)(p+1)
22-a)(p+ 1)+ (1 -a)(y+1)

The constant factor 5 in the subordination result (4.16) cannot be replaced by a larger one.

(fxh)(2) < h(z) (z €U), (4.18)

for every function h in K, and

22 —a](p+1)+ (1 —a)(y+1)

Re{f(2)} > - 22—o] (u+1)

(z€U). (4.19)

(2=a)(u+1)
22=a)(nF D+ 1-a)(7+1)

The constant factor in the subordination result (4.18) cannot be replaced by a larger one.
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