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Abstract

Let X denote the class of functions
f)y=z+ Z anz"
n=2

belonging to the normalized analytic function class A in the open unit disk U, which are
bi-univalent in U, that is, both the function f and its inverse f~! are univalent in U. The
usual method for computation of the coefficients of the inverse function f~'(z) by means of
the relation fﬁl(f(z)) = z is too difficult to apply in the case of m-fold symmetric analytic
functions in U. Here, in our present investigation, we aim at overcoming this difficulty by
using a general formula to compute the coefficients of f~'(z) in conjunction with the residue
calculus. As an application, we introduce two new subclasses of the bi-univalent function class
¥ in which both f(z) and f~*(z) are m-fold symmetric analytic functions with their derivatives
in the class P of analytic functions with positive real part in U. For functions in each of the
subclasses introduced in this paper, we obtain the coefficient bounds for |am+1| and |a2m+1]-
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1 Introduction and definitions

Let A denote the class of functions of the following form:
fR) =2+ anz", (1.1)
n=2

which are analytic in the open unit disk
U={z:2€C and |z <1}.

We denote by S the class of all functions in A which are univalent in U (see, for details, [2, 4]).
It is well known that every function f € S has an inverse f~!, which is defined by

fﬁl(f(z)) =z (z € ) (1.2)
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and
P = (Jul <ol ) 2 7). (1)

In fact, the inverse function f~! may be analytically continued to U as follows:
fHw) = w — agw? + (2a3 — az)w® — (5a3 — 5asas + ag)w* + - - - . (1.4)

A function f € A is said to be bi-univalent in U if both f and f~! are univalent in U. Let X
denote the class of all functions f € A which are bi-univalent in U and are given by the equation

(1.1).
Lewin [8] investigated the class 3 of bi-univalent functions and obtained a bound given by
las| < 1.51.
Motivated by the work of Lewin [8], Brannan and Clunie [1] conjectured that

Jas| < V2.

Some examples of bi-univalent functions are given (see also the work of Srivastava et al. [13]):

1 1
z , 1og< +z) and —log(1 — 2).

1—=2

Indeed, as pointed out by Srivastava et al. [13], the coefficient estimate problem for each of the
following Taylor-Maclaurin coefficients:

|an] (neN\{1,2}; N:={1,2,3,---})

is still open.

In recent years, the study of bi-univalent functions has gained momentum mainly due to the
work of Srivastava et al. [13], which has apparently revived the subject. Motivated by their work
[13], many researchers (see, for example, [3, 5, 6, 11, 13, 14, 12, 15, 16, 17, 18]; see also the
various closely-related papers on the subject, which are cited in some of these works) have recently
investigated several interesting subclasses of the bi-univalent function class ¥ and found non-sharp
estimates on the first two Taylor-Maclaurin coefficients of functions belonging to these subclasses.

For each function f € S, the function

h(z) = %/ f(z™) (z€U; meN)

is univalent and maps the unit disk U into a region with m-fold symmetry. A function is said to
be m-fold symmetric (see [9, 10]) if it has the following normalized form:

f(z)=z+ Zamk+12mk+l (z € U; m e N). (1.5)
k=1

We denote by S, the class of m-fold symmetric univalent functions in U, which are normalized by
the series expansion (1.5). In fact, the functions in the class S are one-fold symmetric.
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Analogous to the concept of m-fold symmetric univalent functions, we here introduced the
concept of m-fold symmetric bi-univalent functions. Each function f € ¥ generates an m-fold
symmetric bi-univalent function for each integer m € N. The normalized form of f is given as in
(1.5) and the series expansion for f~! is given as follows by using Theorem (1):

g(w) =w — amﬂwmﬂ + [(m + 1)a31+1 . a2m+1] w2t
1
— [Q(m +1)(3m +2)ad, 1 — (3m + 2)amt1a2m41 + agmpr | W4 (1.6)

where f~! = g. We denote by X,, the class of m-fold symmetric bi-univalent functions in U. For
m = 1, the formula (1.6) coincides with the formula (1.4) of the class ¥. Some examples of m-fold
symmetric bi-univalent functions are given as follows:

1 1
2™\ 1 T+2m\]™
-1 —log(1 — 2™
()" pree()|” wa ooy

with the corresponding inverse functions given by

1 , L 1
w™ ™ 6211)’" —1\™ q ewm —1\™
) m an m )
(1+wm> <€2w +1) ( et )
respectively.

Finally, we denote by P the Carathéodary class of functions p(z) of the following form:

3=

p(z) =14piz+p2®+---, (1.7)
which are analytic in U such that
R{p(z)} >0 (z € U). (1.8)

The objective of the present paper is to introduce an elegant formula for computing the coeffi-
cients of the inverse functions for the class X,, of m-fold symmetric functions by means of residue
calculus. As an application, we introduce two new subclasses of bi-univalent functions in which
both f and f~! are m-fold symmetric analytic functions with their derivative in the class P and
obtain coefficient bounds for |a,,+1| and |agy,+1]| for functions in each of these new subclasses.

In order to derive our main results, we use the following lemma for the Carathéodary class P.

Lemma. If h € P, then
|Ck| <2 (k € N),

where the Carathéodary class P is the family of all functions h, analytic in U, for which
R{h(z)} >0 (z€U)
and
h(z) =14 crz+coz? +--- (z € U), (1.9)
the extremal function being given by

_1+z

h(z) 1=

(z €U).
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2 Coefficients of the inverse functions

Coefficients of the inverse f ! of a given function f are obtained generally by virtue of the relation

I (@) ==

However, this technique is much too difficult to apply in the case of m-fold symmetric functions. To
overcome this difficulty, we use a general formula [4] to compute the coefficients of f~! by means
of the residue calculus as follows.

Theorem 1. Let f(z) be in the class S. Then the coefficients ~,, of the inverse function

FHw) = w4 yw? + ysw® + - -

1 . dr—1! z \"
= i () b .

Proof. Let f(z), given by (1.4), be in the class & and suppose that

are given by

is given as in the hypothesis of Theorem 1. Then, from Cauchy’s integral formula and by the
method described in [7], we have

_ L g(w) w — 1 dz .
=g [, () = s [, o 00 (22)

where C. denotes a closed positively-oriented circle in the complex w-plane with centre at w = 0

and radius € (0 < € < 1). Since the function f(z) is univalent and f(0) = 0, the integrand W

has a pole of order n at z = 0. Therefore, we have

1 . a1t z \"
= i () b =

which evidently proves Theorem 1. Q.E.D.

In view of Theorem 1, the first two coefficients 7,41 and 2,41 of the m-fold symmetric
bi-univalent function f(z) in (1.5) are given by

1 . am 2\
%H‘m+m%ﬂmm@w> } .

1 d2m z Zm+l
e _ 2.
Tl 9 1) 250 { de*m (f(z)) -

and
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3 Coefficient bounds for the function class H;,,

Definition 1. A function f(z), given by (1.5), is said to be in the class H§, , if the following
conditions are satisfied:

fe€Sm and  |ag{f'(2)}] < 0‘7” (z€U; 0<a <) (3.1)

and
aT

5 (welU; 0<asl), (3.2)

larg {g'(w)}] <
where the function g(w) is given by (1.6).
In this section, we first state and prove the following theorem.

Theorem 2. Let the function f(z), given by (1.5), be in the class H$, . (0 < a = 1). Then

2

|amt1| = T e T (3.3)
and
| £ 2L (3.4
Proof. From (3.1) and (3.2), we get
£12) = bl (3.5)
and
7w) = law)", (3:6)

where the functions p(z) and g(w) are in the class P and have the following series representations:
P(2) = L4+ pm2™ + pam 2™ + p3nz®™ + - - (3.7)

and
q(w) = 14 gnw™ + qamw?™ + ggmuw®™ + -+ - . (3.8)

Now, equating the coefficients in (3.5) and (3.6), we find that
(m+ Dam41 = app, (3.9)

ala—1)

2
3.10
5 P> (3.10)

(2m + 1)agm41 = apom +

_(m + l)am-‘rl = QGm (3.11)
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and
2 ala—1) ,
(2m +1) [(m + 1)z, 11 — a2mi1] = agam + 5 Im- (3.12)
From (3.9) and (3.11), we get
Pm = —qm (3.13)
and
2(m+1)%a2, .1 = *(p2, + ¢2)- (3.14)
Also, from (3.10),(3.12) and (3.14), a simple computation shows that
ala—1
@+ 1)+ 1, = alpa + ) + S D2 1 g2)
ala—1)2(m+1)% ,
= a(pam + qam) + 5 o2 m-1
Therefore, we have
2 042(P2m + q2m)

Gm+1 = (m+1(am+m+1)

Applying the Lemma of the preceding section for the coefficients ps,, and g2, we obtain

2a
amt1| = .
ol V(m+1)(am +m+1)

This gives the desired estimate for |a,+1| as asserted in (3.3).
Next, in order to find the bound on |agm,+1|, by subtracting (3.12) from (3.10), we get

2(2m + 1)azps1 — (m+1)(2m + L)a2,

oDz 2y (3.15)

= a(pZm - q2m) + 2

By a simple computation, and using (3.13) to (3.15), we get

a2(p?n + q?n) Oé(me - q2m)
4(m +1) 22m+1)

A2m+41 =

Thus, by applying the Lemma of Section 1 again for the coefficients p,,,pom, G¢m and ga,,, we find

that
2a[2m+ 1)a+m+1]

(m+1)(2m+1)

This completes the proof of Theorem 2. Q.E.D.

|a2m+l| g
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4 Coefficient bounds for the function class Hy ()

Definition 2. A function f(z), given by (1.5), is said to be in the class Hy ,,(3) if the following
conditions are satisfied:

fex, and  R{f(2)} > (zeU; 0£8<1) (4.1)

and
R{g'(w)} >3 (zeU; 0£8<1), (4.2)

where the function g is defined by (1.6).
In this section, we state and prove the following theorem.
Theorem 3. Let the function f(z), given by (1.5), be in the class Hx ,,(8) (0 < S < 1). Then

(1-5)
lamt1] = 2\/(m ENET— (4.3)

and

(4.4)

lagmi1] < 2(1 = 5) ((1 —B)(2m+ 1)+m+1>

(m+1)(2m+1)

Proof. First of all, the argument inequalities in (4.1) and (4.2) can be written in the following
forms:

f'(z) =B+ (1-B)p(z) (4.5)
and

g'(w) =B+ (1 - Bq(w), (4.6)
where the functions p(z) and ¢(w) are in the class P and have the forms given by (3.7) and (3.8),

respectively. Now, as in the proof of Theorem 2, by equating the coefficients in (4.5) and (4.6), we
get

(m+Dams1 = (1= B)pm., (4.7)
(2m + Dagmi1 = (1 — B)p2m, (4.8)
—(m+Dami1 = (1 - B)gm (4.9)
and
(2m +1) [(m + Dag, 1 — azms1] = (1= B)gam. (4.10)
From (4.7) and (4.9), we get
Pm = —Qm (411)

and
2(m+1)%a2, .1 = (1 - B)*(02, + ¢2)- (4.12)
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Also, from (4.8) and (4.10), we obtain

(m+1)(2m + 1)az, 1 = (1= B)(P2m + g2m)-
Thus, clearly, we have

(1 — ﬁ) (|p2m| + |q2m|)
(m+1)(2m + 1)

41 -7
(m+1)(2m+1)

17

|017TL+1|2 g

This gives the bound on |am,+1] as asserted in (4.3).
Next, in order to find the bound on |agm, 1|, by subtracting (4.10) from (4.8), we get
2(2m + Dazms1 — (m +1)(2m + Dag, 13 = (1 = B)(P2m — G2m)

or, equivalently,

(m+1) 2 (1 _ﬁ)(me _q2m)
= 413
A2m+1 5 m+1 2(2m + 1) ( )
Upon substituting the value of a2, from (4.12), we get
(1= B)*pr +am) | (1= B)(p2m — g2m)
mtl = . 4.14
fam+1 Mm+1) T 20m+) (4.14)
Applying the Lemma of Section 1 for the coefficients p,,, Pom, ¢m and gz, we find that
1-82m+1)+m+1
<2(1-— 4.15
oamaa| 201 - ) (=20 (4.15)
which is the bound on |as| as asserted in (4.4). Q.E.D.

5 Corollaries and consequences

For one-fold symmetric bi-univalent functions, Theorem 2 and Theorem 3 reduce to Corollary 1
and Corollary 2, respectively, which were proven earlier by Srivastava et al. [13].

Corollary 1. (see [13]) Let the function f(z), given by (1.1), be in the class HE (0 < a £ 1).
Then

2
laz] < « Tt a (5.1)
and 3 )
las| < M. (5.2)

3

Corollary 2. (see [13]) Let the function f(z), given by (1.1), be in the class Hx(8) (0 < 8 < 1).
Then

|as| = w (5.3)
and ) £ 3
jay) s LZDO=30) (5.4)

Numerous other (presumably new) corollaries and consequences of our main results can also be
deduced.
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