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SUBCLASSES OF k-UNIFORMLY CONVEX AND
k-STARLIKE FUNCTIONS DEFINED BY
SALAGEAN OPERATOR

BILAL SEKER, MUGUR ACU, AND SEVTAP SUMER EKER

ABSTRACT. The main object of this paper is to introduce and investigate
new subclasses of normalized analytic functions in the open unit disc
U, which generalize the familiar class of k-starlike functions. The vari-
ous properties and characteristics for functions belonging to these classes
derived here include (for example) coefficient inequalities, distortion theo-
rems involving fractional calculus, extreme points, integral operators and
integral means inequalities.

1. Introduction

Let A denote the class of functions f normalized by
e .
(1.1) f(2) =Z—|—Zajzj,
j=2

which are analytic in the open unit disk U = {z € C : |z| < 1} and let S denote
the subclass of A consisting of functions which are univalent in U. Suppose
also that, for 0 < a < 1, ST («) and CV(«a) denote the classes of functions in
A which are, respectively, starlike of order o and convex of order « in U.

Salagean [10] introduced the following operator which is popularly known as
the Salagean derivative operator:

Df(z) = f(2), D'f(2) = Df(2) = 2f'(2)
and, in general,

D"f(z) = D(D""'f(2)) (neNy=NU{0}; N=1{1,2,3,...}).
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We easily find from (1.1) that
D'f(z)=z+) j"a;2 (f€A;neN,).
j=2

By k —UCV, 0 < k < oo, we denote the class of all k-uniformly convex
functions introduced in [4]. Recall that a function f € S is said to be k-
uniformly convex in U, if the image of every circular arc contained in U with
center at ¢, where |(| < k, is convex. Note that the class 1 — UCV coincides
with the class UCV of uniformly convex functions, introduced in [2]. Moreover,
for £ = 0 we get the class of all convex univalent functions. For more details
on uniformly type function see also [3]. It is known that f € k — UCV if and
only if it satisfies the following condition:

Zf”(Z)} ()
re{1+ 3} > 155
For k = 1 we get one-variable characterization of UYCV obtained in [7], and
independently in [9].
We consider the class k — ST, 0 < k < oo, of k-starlike functions (see [5])
which are associated with k-uniformly convex functions by the relation
fek-UCY & zf ek - ST.

Thus, the class k—S7T,0 < k < oo is the subfamily of S, consisting of functions
that satisfy the analytic condition
2f'(2)

Zf’(Z)}

Re >k

{ f(z) f(z)
For our present investigation, we need the following two-variable analytic

characterization of the classes of k-uniformly convex and k-starlike functions.

Theorem 1.1 ([4]). Let f € S and 0 < k < co. Then f € k—UCV if and only

if

(2= Qf"(2)
f'(2)
Now, from the Alexander type relation, we immediately get:

Theorem 1.2. Let f € S and 0 < k < oco. Then f € k— ST if and only if
_ /
m{<+@0””}zozeuqSh
z f(2)

For |(|<k(0<k<o0),a0<a<l),meN,neNy,m>nandzecl,
let ST (k, m,n,«) denote the family of analytic functions f of the form (1.1)
such that

¢, (z=¢QD"f(z)
1.2 CLEZOPTIE) o
(1.2) Re{z—l— 2D () > a,

where D™ is denoted the Salagean derivative operator.

z€eU, 0<k < o0.

—1‘ zeU.

m{u }EOzGUJQ§h
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If weset m =1, n =0 and o = 0 in (1.2), then ST (k,m,n,«) reduces
to the function class of k-starlike functions. On the other hand, if we choose
m =2, n=1and o = 0, then we obtain the function class of k-uniformly
convex functions.

Let T denote the subclass of A whose Taylor-Maclaurin expansion about
z = 0 can be expressed in the following form:

(1.3) flz)=2z— iajzj, a; > 0.
j=2

We shall denote by ST (k,m,n, ), the subclass of the functions in ST (k,m,
n,«) that has their non-zero Taylor-Maclaurin coefficients, from second on-
wards, all negative. Thus, we can write

ST (k,m,n,a) =ST(k,m,n,a)NT.

In this paper, the coefficient conditions for the class k — ST are extended to
the class ST (k,m,n, a) of the forms (1.2) above. Furthermore, we determine
distortion theorems, extreme points, integral means inequalities and integral
operators for the functions belong to the class ST (k, m,n, ).

2. Coefficient inequalities
In our first theorem, we introduce a sufficient coefficient bound for analytic

functions in ST (k, m, n, ).

Theorem 2.1. If f(z) € A satisfies the following inequality:

(2.1) DI+ R = (k+ @) <1 -«

j=2
0<a<l, jeN\{l}, meN, ne NU{0}, m > n)
then f(z) € ST (k,m,n,a).

Proof. Suppose that (2.1) is true for 0 < o < 1, j € N\ {1}, m € N, n €
NuU {0}, m > n. For f(z) € A, let us define the function F(z) by

¢ (=QD"f(z)

F(z) =24 757 J\¢)
(2) z * zD" f(z) “
It suffices to show that
F(z) -1
1 .
’F(z)+1’< (z € )

We note that
F(z)—1
F(z)+1
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C z=OD™f(z) . _
. + zD™ f(z) o 1
B C (2= D™ f(z)
t =i —atl

(D" f(z) + (= D™ f(2) = (1 + a)zD" f(2)
(D" f(2) + (2 = QD™ f(2) + (1 — )zD" f(2)

a+<Z Ja;2 2 = [ = (14 )j"a;2 !
_ j=2
2—a) = G™ — Ma# 2+ S+ (1 a)j"agz
Jj=2 j—2
a+ICIZ "ajllz 2+Z (14 a)j™|ag||=
g oo
(2-a) |<|Z a2l = > ™ + (1= a)j"ayl]z
Jj=2
a—l—kZ(j |aJ|+Z (1+ )j"|a;|
< = .
2 _ a kz m |a]| — Z[]m + (1 - O‘)jn“a’jl
j=2

The last expression is bounded above by 1, if

a+kZ(j |aj|+z (1+a)j™)|a;|

kz |aJ|_Z(J + (1 —a)j")ayl
Jj=2 j=2

which is equivalent to our condition (2.1). This completes the proof of our
theorem. O

Remark 1. If we set m =1, n = 0 and a = 0, in Theorem 2.1 above, we obtain
the coefficient inequality for the class k — ST, which is given in [5].

In the following theorem it is shown that the condition (2.1) is also necessary
for functions f(z) of the form (1.3) to be in the class f € ST (k,m,n,a).

Theorem 2.2. Let f(z) € T. Then f(z) € ST (k,m,n,«) if and only if
(2.2) [(A+ k)" = (k+a)j"a; <1 -«

Jj=2

for some 0 <a<1,jeN\{l}, meN, neNy(m>n).
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Proof. Since ST (k,m,n,a) C ST (k,m,n,a), we only need to prove the “only
if” part of the theorem. For functions f(z) € T, we note that the condition

is equivalent to

L= (Y a2 = (2= ()Y j™aze’
Re = = = >a
1- Zj”ajzj !
j=2

If we choose z and ( real and letting z — 1~ and ¢ — —k¥, we have,

L+EY jra; — (1+k)> j™a;
j=2 j=2

o0
1— Zj"aj
j=2

>«

or
oo
S +k)™ = (k+a)j"a; <1-a
j=2
which is equivalent to (2.2). And so the proof is complete. O

3. Distortion theorems involving fractional calculus

In this section, we shall prove several distortion theorems for functions to
general class ST (k,m,n, ). Each of these theorems would involve certain op-
erators of fractional calculus (that is, fractional integrals and fractional deriva-
tives) which are defined as follows (see, for details [8, 12]).

Definition 3.1. The fractional integral of order ¢ is defined, for a function f,
by

s L= f©
(3.1) D;°f(z) F(5)/0 (z—f)l_‘;dg’ 6>0
where f is an analytic function in a simply-connected region of z-plane con-
taining the origin, and the multiplicity of (z — £)°~! is removed by requiring,
log(z — &) to be real when z — & > 0.

Definition 3.2. The fractional derivative of order § is defined, for a function
[, by

1 d 7 f©)
(3.2) Dgf(z)—m%/o Wdf, 0<s<1
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=

where f is constrained, and the multiplicity of (z — £)7° is removed, as in

Definition 3.1.

Definition 3.3. Under the hypotheses of Definition 3.2, the fractional deriv-
ative of order (n + §) is defined by

DIt f(z) =

dn
LD,
where 0 < § < 1 and n € Ng.

By virtue of Definitions 3.1, 3.2 and 3.3, we have

s rg+1) . .
D0 = 2 L __itd N, §
and I )
‘ i1 ‘
Dﬁj:‘?ij"s T eN,0<§<1).
27 F(_]—(S—Fl)z (]6 ,07 < )

Theorem 3.1. Let the function f(z) given by (1.3) be in the class ST (k,m,n,
«). Then

s Kl l -«
|D°f(2)] 2 1- - 514l
['(2+9) 249 [(1+k)2m—1 — (k+ )21
and
5 E |1+6 l—a
DO < s U e s = Gy
for 6 >0 and z € U. Each of these results are sharp.
Proof. Let
F(z) =T(2+68)z°D°f(2)
— LG +1)02+6)
= = g o) 97
Jj=2 J +
j=2
where LG+ 1)T'((2+49)
. J+ + .
v(j) = € N\ {1}).
0=t GeN
Since U(j) is a decreasing function of j, we can write
2
. Uy <v(?2) =——:.
(3.3) 0<¥() =¥ =5

Furthermore, in view of Theorem 2.2, we have

oo

[(1+k)2™ — (k + @)2"] Za <> A +k)™ = (k+a)"a; <1-a
=2
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which evidently yields

> l-«a
(34) ;“ﬂ' SR (kra2r

Therefore by using (3.3) and (3.4), we can see that

= l1-a
F(2)| > |z] — ¥(2)|2? > 2| - 2
and
e} 1_
[F(2)] < [z +¥@)|2 ) aj < |2 + - &

2+ 01 +k)2m T — (k+a)2n1]

Jj=2

which proves Theorem 3.1.
Finally, since the equalities are attained for the function f(z) defined by

D3 2149 1—a
_ _ 1_
O A crr e
or, equivalently, by
— l -« 2
(3:5) 1@ =2 A —hrap
our proof of Theorem 3.1 is completed. O

Corollary 3.1. Under the hypothesis of Theorem 3.1, D7? f(z) is included in
a disc with its center at the origin and radius r1 given by

- 1 1 l-«a

CT(24+96) 2+0)[1+k)2m 1t —(k+a)2n 1] |~

Theorem 3.2. Let the function f(z) given by (1.3) be in the class ST (k,m,
n,a). Then

1

|z|t—0 -«
|D2(2)] 2 T(2—0) {1 T 201+ k)2m T — (k+ a)2n ] |Z|}
and
|Z‘176 11—«
PG < 555 {1 I (T aE CEe Ty |Z|}

for 0 <6 <1 and z € U. Equalities are attained for the function f(z) defined
by

D2 f(z) =

{1— 1ia — z}
I(2-9) (2-90)[1+Ek)2m ! —(k+a)2n1]
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Proof. Let
G(z) =T(2-6)2°Df(2)
L EIOre-g)
—c ;2 T(Gj+1-20)’%"
=z- ZA(]’)jajzj7
j=2
where G )
L I@Hre-o .
Aj) = =FT7F e N\ {1}).
(47) TG+1-0) (J e N\{1})
Since A(j) is a decreasing function of j, we can write
1

Furthermore, in view of Theorem 2.2, we have
[(T4+E)2" " — (k+a)2" ] Zjaj < Z [+ k)™ —(k+a)j"a; <1l-a,
j=2 §=2

which evidently yields

l1—«

. ja; < .
(8.7) ;ja] = L+ k)2m 1 — (k+a)2n1

Therefore by using (3.6) and (3.7), we can see that

= 11—«
|G(z)| > |Z| _A(2)|Z|2j§::23aj > |Z‘ - (2 _5)[(1 +k>2m—1 _ (k‘—|—0¢)2"—1]|z|2

and

11—« ||2

GO < I+ AR Doy < 1+ Gt — o a1

=2

which give the inequalities of Theorem 3.2. Since equalities are attained for
the function f(z) defined by

it = = {1 e
T ) 201+ k21— (kta)2n1]"
that is, by (3.5). We complete the assertion of Theorem 3.2. O

Corollary 3.2. Under the hypothesis of Theorem 3.2, D f(z) is included in a
disc with its center at the origin and radius ro given by

1 1 11—«
r'2-9) 2-8)[1+k)2m1 —(k+a)2n-1] [~

o =
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4. Extreme points for ST (k, m,n, a)
Theorem 4.1. Let f1(z) = z and

11—« ;
4.1 ; =z - 7 ] 1}).
Then f(2) € ST (k,m,n,a) if and only if it can be expressed in the following
form:

f(z) = Z Aifi(2),

where \; > 0 and Z/\j =1.

j=1
Proof. Suppose that

11—«

Then from Theorem 2.2, we have

> l1—«

[(1 + k)Jm - (k+a)]n] (1 + k)jm _ (k + Oz)j")\j

Thus, in view of Theorem 2.2, we find that f(z) € ST (k, m,n, ).

Conversely, suppose that f(z) € ST (k,m,n,a). Then, since

1—-« .
a; < (1+k')jm—(k‘—|-05)j" (] GN\{l})a
we may set . .
yy = LR 2 R, ey ay)
and

A=1-) A
j=2
Thus, clearly, we have

f(z) = Z/\jfj(Z)~

This completes the proof of the theorem. (I
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Corollary 4.1. The extreme points of the class ST (k,m,n,a) are given by
fi(z) =

and
11—«

Theorem 4.2. The class ST (k,m,n,a) is a convex set.

Proof. Suppose that each of the functions f;(z), (i = 1,2) given by
(4.2) fiz)=2- a2 (aj;>0,i=1,2)

is in the class ST (k,m,n,a). It is sufficient to show that the function g(z)
defined by

9(2) =nfi(z) + (L=n)f2(z) (0<n<1)

is also in the class ST (k,m,n,a). Since

e .
z =Y a1+ (1—n)ajs]2,
Jj=2

with the aid of Theorem 2.2, we have

Z[(l +k)j™ — (k+a)j"][naj1 + (1 —n)aj 2]
:ni[(l—FkM (k+ ) ]Cl]1+ 1— i 1+/€ lﬂ+0¢) ]Cljg

<pl-a)+(1-nl-a)=1-a

which implies that g(z) € ST (k,m,n,a). Hence ST (k,m,n,a) is a convex
set. O

5. Integral means inequalities and integral operators

Definition 5.1. For two functions f and g, analytic in U, we say that the
function f(z) is subordinate to g(z) in U, and write

flz) <g(z)  (2€0),

if there exists a Schwarz function w(z), analytic in U with w(0) = 0 and
|w(z)| < 1 such that

f(2) = g(w(2)) (z € D).
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In particular, if the function g is univalent in U, the above subordination is
equivalent to

f(0) =g(0) and f(U) C g(U).
See also Duren [1].

In 1925, Littlewood [6] proved the following subordination theorem.

Theorem 5.1 (Littlewood [6]). If f and g are analytic in U with f < g, then
foru>0and z=re?(0<r<1)

27 2m
/0 ) do < / o ()" db.

We will make use of Theorem 5.1 to prove:

Theorem 5.2. Let f(z) € ST (k,m,n,a) and fa(2) is defined by

. I-—a 2
e iy o sy e T

If there exists an analytic function w(z) given by

R et S
w(z) = T Zajzj )

=2

then for z =re? and 0 < r < 1,

2 2m
/ | f(rei®)|" do < / |fo(re®)["do (> 0).
0 0

Proof. We must show that

27 o0 ) a 27
/ 1-— Z ajzj71 do < /
0 = 0

By applying Littlewood’s subordination theorem, it would suffice to show that

11—« "
1- do.
1+ k)2m — (k+ta)2n

l—«

1-— 277 <1 — :

By setting

> . l1—«

1— LIl 1

20 T bz = (h+ ajzn )

we find that
1+ k2™ — (k 2" K
w(z) = 0 1—c(y EAZ S gy
Jj=2

which readily yields w(0) = 0.
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Furthermore, using (3.4), we obtain

R L AR

11—«

=2

(14 k)27 — (k + a)2"
11—«

IN

2]

<lz| < 1.

a;
j=2

This completes the proof of the theorem. O

Definition 5.2 ([11]). Let I. : A — A be the integral operator defined by
f=1.(F), where ¢ € (—1,00), F € A and
z

c+1

(5.1) f(z) = /tc’lF(t)dt.

2C
0

We note that, if F' € A is a function of the form (1.3), then

c+1
(5.2) f)=LF(z)=2z-)

j=2
Theorem 5.3. If F(z) = z — Z;XDQajzj € ST(k,m,n,a), then f(z) =
I.F(z2) € ST (k,m,n,a), where I. is the integral operator defined by (5.1).

Proof. We have f(z) = » — 3372, b2/, where b; = Cilaj, c e (-1, ),j =

2,3,.... Thus b; < a;, for j = 2,3.... Using the condition (2.2) for F(z) w
obtain

_a-zj.
c+) J

S+ R = (k+ )by <> [(1+k)j™ = (k+a)j"la; <1-a.
j=2 j=2
This completes our proof. ([

Definition 5.3. We consider the integral operator o4~ : A = A, 0 < u < 1,
1<y <00, 0<c< oo, defined by

(5.3) F2) = Leia (P2 = e+ ) [ w72 Fus)in

Remark 2. If F(z) = z+ Y a;z7, then from (5.3) we obtain
=2

“c+jt+y—1 %

c+y

Also, we notice that 0 < T

<1,where 0 <c<oo,j>21<v<o0.
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Remark 3. Tt is easy to prove that for F'(z) € T and f(z) = I~ (F(2)), we
have f(z) € T, where I, is the integral operator defined by (5.3).
Theorem 5.4. Let F(z) be in the class ST (k,m,n,a), F(z) = Z_Z?iz a;jz’,
a; >0, j > 2. Then f(z) = I.4(F(2)) € ST(k,m,n,a), where I,y is the
integral operator defined by (5.3).

Proof. Since F(z) € ST (k,m,n,a), we have

DI +k)™ = (k+a)ja; <1-a
j=2
where 0 < k < 00,0 < a <1, méeN, neNyand m > n. Let f(z) =
z =) 72y bj2?, where
bj:c—i-iv >0 and O<L’y_ 1.
cty+j—-1" c+y+j—1

Thus we can write

(14 &)™ = (k + @)j"]b; < [(1+ k)™ = (K + @)j"]a;.

Therefore,
SN +k)™ = (k+a)j"b; <> [(1+k)j™ = (k+a)j"a; <1—a.
=2 =2

This completes our proof. O
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