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Abstract

Let S(m, M) be the set of functions f(z) = z + I%°_, a,z" regular and satisfying | zf'(2)/f(z) — m|<
M in {z|< 1, where |m — 1 {< M < m; and let $*(p) be the set of starlike functions of order p,
0<p<1. In this paper we obtain integral operators which map S(m, M) into S(m, M) and
S*(p) X S(m, M) into S*(p). Our results improve and generalize many recent results.
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1. Introduction

Let S denote the set of functions f(z) =z + 23, a,z" that are regular in the
open unit disc U = {z: |z|< 1}. A function f of S is said to belong to S*(p), the
set of starlike univalent functions of order p, if Re{zf'(z)/f(z)} > p for z € U,
0 < p < 1. The set S* of starlike univalent functions is identified by S*(0) = S*.
A function f of § is said to belong to the set S(m, M) if |zf'(z)/f(z) —m|< M
for z € U, where |[m — 1|< M < m. The set S(m, M) was introduced by Jaku-
bowski [6]. It is clear that m > 1/2 and S(m, M) C S*(m — M) C S*.

Many authors (see [1], [2], [3], [4]) have studied, for n = 0, the integral
operators of the form

(1.1) I(f) E[J_’j'z“yﬂ [)zu7+""‘f“(u) " 1/(a+n)

© 1984 Australian Mathematical Society 0263-6115/84 $A2.00 + 0.00

117

https://doi.org/10.1017/51446788700021807 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700021807

118 Vinod Kumar and S. L. Shukla 121

and

(12) 1/, ) [ T ifa(u)g (u) du|

where a and y are suitably chosen real constants and f and g belong to some
favoured classes of univalent functions. Recently, Miller ef al. [9, Theorem 4] have
shown that, for n =0, I(f) maps S* into itself. Their result provides the
expressions of curious forms for the starlike functions. In the present paper the
authors obtain a result from which it follows that, for n = 0, I( f ) maps S(m, M)
into itself. An integral operator has been also obtained which is more general as
well as applicable than I( f, g) and maps S*(p) X S(m, M) into S$*(p).

Our results improve some recent results of Goel and Mehrok [3] and Gupta and
Jain [4], and generalize some recent results of Bhargava and Shukla [1] and Miller
et al. [9].

y+2a

2. Preliminary lemmas

The following lemma may be found in [6], [8].

LemMA 2.1. The function f belongs to S(m, M) if and only if there exists a
Sfunction w regular in U and satisfying w(0) = 0, {w(z)|< 1 for z € U such that
2.1) f’(z) _1+aw(2)

’ f(z) 1 —bw(z)’
where a = (M? — m?> + m)/M and b = (m — 1)/M.

zE€e U,

Next we have the well known Jack’s lemma [5].

LEMMA 2.2. If the function w is regular for |z|<r <1, w(0) = 0 and |w(zy)|=
max,-,|w(z)|, then zgw'(zy) = kw(z,), where k is a real number such that k = 1.

Lastly we prove a lemma which plays an important role in establishing one of
our main results.

LEMMA 2.3. Let a, 8, m and M be real numbers such that 0 <a < f,|m — 1|<
Msm Ift=(ma+ B—a)/Band T = Ma/B then S(t,T) C S(m, M).

PrOOF. We need only to consider the case when a < 8. In order to establish the
lemma it suffices to show that

(2.2) m—~M<t—T and t+T<m+ M.
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Let m—M=t—T. Then (m— M)a+ B8 — a)/B<m— M, which implies
that m — M = 1. But this is contrary to the assumption |m — 1|<< M. Next,
suppose that t + T=2m+ M. Then m + M < ((m + M)a + B — a)/B, which
implies that m + M < 1. But this is also contrary to |m — 1|< M. Therefore the
inequalities in (2.2) hold and hence the required result follows.

Hereafter in this paper ¢ and T are the same as in the above lemma.

3. Integral operators that map S(m, M) into S(m, M)

An integral operator which is defined on S(m, M) and maps S(m, M) into (or
onto) itself is called Jakubowski starlike integral operator. We now prove the
following:

THEOREM 3.1. Let a, B, vy and & be real constants such that 0 < a < f8 and
y+ B=20+ a Iff € S(m, M) then the function F defined by
Y +B z d—1ra /8
(3.1) F(z) _[-——ZY fou f%(u) du
also belongs to S(m, M), provided y = —[B + a(m — M — 1)].

In (3.1) all powers are principal ones.

PrOOF. First of all we show that F € S(¢, T). Let us choose a function w such
that

zF’(z) _ 1+ ew(z)

F(z) 1—ew(z)
where w(0) = 0 and w is either regular or meromorphic in U; here ¢ = (T2 — ¢?
+t)/Tande = (t — 1)/T. From (3.1) and (3.2) we have
f(2) _ (v +B) + (cB—ev)w(z)
F&(z) 1 —ew(z)
Logarithmic differentiation of (3.3) yields

(34) 2 zf(i) _ m] _Qa- t)1+_(ecw4(-z;t)w(z)

Bl f(z)
+ (c+e)zw'(z)
[1—ew()][(y + B) +(cB — ev)w(2)]”

(3.2)

(3.3) (v + 8%
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jw(z)|# 1 in |z|< r,, w cannot have a pole at | z|= r,. Therefore w is regular and
satisfies |w(z)|< 1, for z in U.

Thus from (3.2) and Lemma 2.1, F € S(¢, T). But Lemma 2.3 ensures that
S(t, T) C S(m, M). Hence F € S(m, M) and the proof is completed now.

COROLLARY 3.1 IfO0<a< 1/ (1 —m+ M), a< B, and if f € S(m, M), then
the function F defined by

F(z) :[Zﬂ-nj;z(%@)«du]l/ﬁ

also belongs to S(m, M).

The above corollary follows by taking y =1 — 8 and § = 1 — a in Theorem
3.1

REMARK, When m = M and m — oo, a result of Miller e al. [9, Theorem 3]
follows from this corollary.

Another direct but important consequence of Theorem 3.1 is the following
result which enables us to obtain the expressions for the functions in S(m, M) of
curious forms.

COROLLARY 3.2. Let a and n be real constants such that a >0, n=0. If
f € S(m, M) then the function F defined by

1/(a+mn)
(3.9) F(z) = [Y A i) dy
0

also belongs to S(m, M), provided y + n = —a(m — M).
The above result is obtained if, in Theorem 3.1, we take 8 = a + 1 and

=y -+
Fory+n=1,a=171=0,1,2,..., we obtain the sequence

z 1/(nt1)
[22"—1ff(u)du] =z+---, n=0,1,2,...,
0
and fory=0,a = =0,1,2,..., we obtain the sequence
z 1/(n+1)
[(n+1)fu"_'f(u)du] =z+---, n=0,1,2,...,
0

of elements of S(m, M).

https://doi.org/10.1017/51446788700021807 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700021807

122 Vinod Kumar and S. L. Shukla [6]

REMARK. A recent result of Bhargava and Shukla [1] follows by taking n = 0 in
Corollary 3.2.

Let uschoosem =N — p(N — 1)and M = N(1 — p), where N=1and 0 <p
<1 Then |m—l|I<M<m,a=p/N+ (1 —2p)and b=1—1/N. Now as
N = o0,a - (1 — 2p) and b — 1. In this case the relation (2.1) reduces to

Jf(2) _ 1+ (1= 20)w(2)
0 I=w(z) 7

which is a necessary and sufficient condition for f to be in $*(p). The undermen-
tioned corollary follows now from Corollary 3.2.

ze U,

COROLLARY 3.3. Let a and m be real constants such that « >0, n=0. If
f € S*(p) then the function F defined by (3.9) also belongs to S*(p) provided
Yy + 1= -ap.

REMARKS. (i) A result of Miller et al. [9, Theorem 4] follows by taking p = 0 in
the above corollary.

(i) A result of Gupta and Jain [4, Theorem 1] follows by taking # = 0 in
Corollary 3.3. However the transform

can be studied by Corollary 33 and not by the result of Gupta and Jain, since,
the technique followed by them fails when a and y are not positive integers.

Let—-1<B<A<l.Ifwesetm=(l — AB)/(1 — B*)and M = (4 — B)/(l
— B?), then (2.1) becomes

f (z2) _ 1+ 4w(z)
(3.10) f(z) 1+ Bw(z)’

zeU.

Let us denote by S*[4, B], -1 < B <A <1, the class of functions f satisfying
(3.10). Then, including the limiting case B — —1 (Corollary 3.3), Theorem 3.1
provides:

COROLLARY 3.4. Let y be any real number such that y = (1 — A)/(1 — B). If
f € S*[ A, B], then the function F defined by

(3.11) F(z )—Y+ ‘/Ouv (u) du

also belongs to S*[ A, B).
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REMARK. The above corollary improves a recent result of Goel and Mehrok [3]
who proved it when v is a positive integer. Here it is worth noting that, however,
Goel and Mehrok also proved it with the help of Jack’s lemma, but the classical
technique used by them fails when v is other than a positive integer.

Let C*[ A4, B] be the class of functions f of S for which there exists a function g
in S*[A4, B] such that Re{zf'(z)/g(z)} >0, z € U. Clearly the functions in
C*[A, B] are close-to-convex in U. Goel and Mehrok {3} have shown that, if
f € C*[ A, B], then the function F defined by (3.11) also belongs to C*[ 4, B]
when v is a positive integer. In continuation we now improve that result for real vy.

THEOREM 3.2. Let y be a real number such that vy = —(1 — A)/(1 — B). If
f € C*[A, B), then the function F defined by (3.11) also belongs to C*[ A, B].

PRrROOF. Since f € C*[ A, B], there exists a function g in S*[A, B] such that
Re{zf'(z)/8(z)} > 0, z € U. By Corollary 3.4, for g € S*[ 4, B], the function G
defined by

_Y +1 2 v—1
(3.12) G(z2) = j(;u g(u) du
also belongs to S*[ A, B]. It is easy to obtain from (3.11) and (3.12) that
2f'(z) _ ( zF'(z) )[y + 14 F"(z)/F(z)

g(z) G(z) v+ 2G'(2)/G(z)

Substituting p(z) = zF'(z)/G(z) and ¢(z) = zG'(z)/G(z), the above relation
reduces to

SG) . )
ORIy B

Our theorem is proved if we can show that

Re{p(z) + —_{’%} >0 implies Re{p(z)}>0,z€ U.

Let a function w regular in U such that w(0) = 0 and w(z) # 1 be defined by

(3.13) p(2) = i—f%

We claim that |w(z)|< 1 for z € U. For, otherwise by Lemma 2.2, there exists a
24, 124|< 1 such that

(3.14) zgw'(zy) = kw(zg)
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with |w(zy)|= 1 and k£ = 1. From (3.13) and (3.14) we get
Zof’(zo) _ { ZoP'(Zo)}
207 270/t - R _fO0F \%0/
R°{ £(z0) } P )
W(zo) 1
=2kR .
°{(1 ~ w(z,))’ Y+q<20>}

= 2kpRe{y + q(z,)}™'

<0,

here p = —-w(zy)/(1 — w(zo))2 = 1/4 and Re{y + q(z¢)}' =0 for y=
—(1 — A)/(1 — B). But this is contrary to the fact that f € C*[4, B]. Hence
|w(z)|< 1 for z € U and by (3.13) F € C*[A, B].

We now consider the integral operator defined in (3.1) in a limiting case. When
a = f3, the relation (3.1) can be written as

f(z) =[{y + BzF'(2)/F(2)}/ (v + )]

When 8 - 0, the above relation reduces to

(3.15) f(z) = F(z) exp[{zF(z)/F(z) = 1} /7]
where y > 0. It follows from (3.15) that
(3.16) F(z) =f(z)exp[~z‘yj:u7"'{uf7’((:—)) - 1} du].

We now prove the following:

THEOREM 3.3. If f € S(m, M) and vy > O, then the function F defined by (3.16)
also belongs to S(m, M).

PROOF. Let us choose a function w such that
F(z) _1+aw(z)

(3.17) F(z) 1-—bw(z)

where w(0) = 0 and w is either regular or meromorphic in U; here a = (M2 — m?
+ m)/M and b = (m — 1)/M. Differentiating (3.15) logarithmically and using
(3.17) we get
f(z) _(=m)+ (a+bm)w(z) , (a+ b)zw'(2)
=== —m= + .
f(2) 1 - bw(z) y[1 — bw(2)]?
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The required result can be proved now on the lines of the proof of Theorem 3.1.

4. Integral operators that map S*(p) X S(m, M) into S*(p)

THEOREM 4.1. Let a, B, v, 8 and o be real constants such that a >0, B = a,
620, a+8=B+y and y> (o + Bp). If fE€ S*(p) and g€ S(m, M),
(m,M)€E E={(m M) \m—1|<M<m*}, where m* = min{m,(m — 1) +
B(l — p)/(Ra(y + o + Bp))), then the function F defined by

y+B+o

4 1/8
@) Fa) =| B2 [ e (wg(u)
also belongs to S*(p).

In (4.1) all powers are principal ones.

PROOF. Let us choose a function w such that

zF'(z) _1+Q@p—Dw(2)
F(z) 1+ w(z)

(4.2)

where w(0) = 0 and w is either regular or meromorphic in U,
From (4.1) and (4.2) we have

s—y—o) 17(2)g°(2) | _m+ éw(z)
(43) " { Fﬁ(gz) } B nl + w(z)

wheren=y+ B +oandé=vy + (¢ — B) + 2Bp.
Logarithmic differentiation of (4.3) yields

0o of=g-m -l () R

_ (B—a) _ A -—pawi(z)
a a{l + w(z)}{n + éw(z)}

Let r* be the distance from the origin of the pole of w nearest the origin. Then
w is regular in | z|< r, = min{r*, 1}. By Lemma 2.2, for |z|< r ( <1r,), thereis a
point z;, such that

(4.5) zgw'(zg) = kw(zy), k=1,
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From (4.4) and (4.5) we get
(4.6)
Fe)| coy ol 8
Re{%f(zo)}\a“ )t a0 g(z) ‘
B Re[{1+(2f’—1)W(Zo)}{1+w(zo)}] _[B—a
+(3) 11+ w(z,) P ] ( )

_2Bk(1 - p)Re[w(zo){l + w(zo) Hm + £w(z,) 1]
all+w(zo)Pln + éw(zo)
<qr-(m-m-(522)
+(£) 1 +2pRew(zy) +(2p — 1)|w(z,) F
a 1+ 2Rew(zy) + |w(z) P

~ 2Bk(1 — p) Re[nw(zo) + 2(y + o + Bp) [w(zo) P + €|w(z0) P w(zo) ]
af{l +2Rew(zy) + |w(zo)|2}{712 + 2néRew(zy) + £ w(zy) F)

Now suppose that it were possible to have I (r, w) = max,_,|w(z)|=1 for
some r (r<ry<1). At the point z, where this occurred, we would have
|w(zy)|= 1. Then, in view of k = 1, we have from (4.5) and (4.6) that

ReleoZ 0 <2 (= (m= 1) = (8= a)/a+ (£)s

a

__2BQ —p)(y+o+Bp)
af{n* + 2n£Re w(zy) + £*}
L2yt ot Bo)[20(y + o+ Bo){M —(m— 1)} — B(1 — p)]
a{n’ + 29¢Re w(zy) + £2}

=<

. B(1 —p)
= = —
p, providedM<(m—1)+ T CETEY R

But this is contrary to the fact that f € $*(p). So we cannot have I (r,w) = 1.
Thus |w(z)|# 1 in |z|< r,. Since w(0) = 0, |w(z)| is continuous in |z|< r, and
[w(z)|# 1 there, w cannot have a pole at |z|= r,. Therefore [w(z)|< 1 and w is
regular in U.

Hence, from (4.2), F € S*(p).
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REMARK. In the particular case when « = 8 = 0 and a > 0, a recent result of
Bhargava and Shukla [1] follows from Theorem 4.1. In the sequel it is worth
noting that the transforms of the form

F(z) :[Y_:__y_/ijézuy—lfﬁ(u) du]l/ﬂ’

that map S*(p) into itself, can be studied from Theorem 4.1 and not from that
result of Bhargava and Shukla.
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