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HARMONIC UNIVALENT FUNCTIONS ASSOCIATED WITH
GENERALIZED HYPERGEOMETRIC FUNCTIONS

GANGADHARAN. MURUGUSUNDARAMOORTHY AND KALIEPPAN.UMA

ABSTRACT. The generalized hypergeometric function is used here to introduce
a new class of complex valued harmonic functions which are orientation pre-
serving and univalent in the open unit disc. Among the results presented in
this paper include the coefficient bounds, distortion inequality and covering
property, extreme points and certain inclusion results for this generalized class
of functions.

1. Introduction

A continuous function f = u + iv is a complex- valued harmonic function in
a complex domain 2 if both u and v are real and harmonic in 2. In any simply-
connected domain D C €, we can write f = h 4+ g, where h and ¢ are analytic in
D. We call h the analytic part and g the co-analytic part of f. A necessary and
sufficient condition for f to be locally univalent and orientation preserving in D is
that |h/(2)] > |¢'(2)] in D (see [2]).

Denote by H the family of functions

f=h+7 (1.1)

which are harmonic, univalent and orientation preserving in the open unit disc
U ={z:|z| <1} so that f is normalized by f(0) = h(0) = f,(0) — 1 = 0. Thus, for
f=h+79 € H, the functions h and g analytic U can be expressed in the following
forms:

h(z)=z+ Zanz", g(z) = anz” (Ib1] < 1),
n=2 n=1

and f(z) is then given by

F) =24 anz"+ Y bpzm (Ibi| <1). (1.2)
n=2 n=1

We note that the family H of orientation preserving, normalized harmonic univalent
functions reduces to the well known class S of normalized univalent functions if the
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co-analytic part of f is identically zero, i.e. g = 0. Also, we denote by H the
subfamily of H consisting of harmonic functions f = h + g of the form

F@)=2=Y lanlz" + > |balem, (2] < 1) (1.3)
n=2 n=1

introduced and studied by Silverman[12].
The Hadamard product (or convolution) of two power series

P(z) =z + i Pn2" (1.4)

and -
¥(z) =Z+iwnzn (1.5)

in S is defined (as usual) by "
(65 9)(2) = 6(2) 5 () = = + i Sutpn" (16)

For positive real values of a1, ...,y and 81, ..., B (8; #0,—1,...;5=1,2,...,m)
the generalized hypergeometric function | F,,(z) is defined by

oo

_ . ' . (1) - (a)n 2"
lFm(Z)—lFm(a17~-~alaﬁla-~-a18maz) = nz::o(ﬂl)n(ﬁm)n n! (17)

(<m+1;l,meNy := NU{0};z€U),

where N denotes the set of all positive integers and (a),, is the Pochhammer symbol
defined by

1, n=>0
(a)"{a(a+1)(a+2)...(a—|—n—1), n € N. (1.8)

The notation ;F,, is quite useful for representing many well-known functions
such as the exponential, the Binomial, the Bessel and Laguerre polynomial. Let

Hloq,...a;81,...,0m]: S =S

be a linear operator defined by

Hloy,...oq; 1,5 Bmlé(2) = ziFn(ar,az,... 081,62, Bm; 2) * ¢(2)
(o)
= z+ an(al;l;m) Gn2", (1.9)
n=2
where
(1)n—1-..()n-1 1
wrp(ar;l;m) = . 1.10
) = (Bt (= 1] (10
For notational simplicity, we use a shorter notation HY, [a1] for H|ay, ... a5 81, - - -, Bm)

in the sequel.It follows from that
Hy[1]¢(2) = é(2), Hy[2]6(2) = 2¢/(2).

The linear operator H!, [a;] is called Dziok-Srivastava operator (see [4])introduced
by Dziok and Srivastava which was subsequently extended by Dziok and Raina [3]
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by using the generalized hypergeometric function , recently Srivastava etal.([I1])

defined the linear operator £1']"} as follows:

L3 0, 9(2) = 6(2),
LYT0(2) = (1= N HL [0a](2) + MHL, [a1](2)) = LY ,,6(2), (A > 0), (1.11)
L300,0(2) = L (L3 3,0(2)) (1.12)

and in general ,
L3 0(2) = L3 (L3 6(2)), (L S m+1; 1im € No = NU{0};z € U). (1.13)

If the function ¢(z) is given by (1.4), then we see from (1.9, (1.10),(1.11)
and(|1.13)) that

L35(z) = 24 Y wh(oansAilsm) ¢p 2", (1.14)

n=2
where
r LT _ (al)n_l...(al)n_l [1+>\(’ﬂ71
whloni dilim) = <<m>n1...<ﬂm)n1 (1]

unless otherwise stated. We note that when 7 = 1 and A = 0 the linear operatorL}’ Lm
would reduce to the familiar Dziok-Srivastava linear operator given by (see [A]), in-
cludes (as its special cases) various other linear operators introduced and studied
by Carlson and Shaffer [I], Owa [9)and Ruscheweyh [I0] .

In view of the relationship ([1.15]) and the linear operator for the harmonic
function f = h + g given by @ED we define the operator

LU () = LY 0(2) + L37,9(2), (1.16)

)}>T ,(ne N\ {1}, 7 € NylL.15)

and introduce below a new subclass Ly (7; A;7y) of H in terms of the operator given

by (L.16).
Let Ly (7;A;7y) denote a subclass of H consisting of functions of the form f =
h 4+ g given by (|1.2) satisfying the condition that

2(LT9E h(2)) — 2(LY9E g(2))!

(z)) > v = Re { ( ,\Tlan: (2)) (T’a,\l,l,mg( )
L35 mh(z) + (£377,9(2))

(z:rei9;0§9<27r;0§r<1;0§7<1;ZGU)

where L£177, f(2) is given by . We also let L4(73 A7) = Lu (T3 A7) N H.

In this paper, we obtain coefficient conditions for the classes Lp(7; ;) and
L7(7;A;7). A representation theorem, inclusion properties and distortion bounds
for the class L77(7; \;7y) are also established.

8 T,
20 (a’rgﬁ)\:l,;n

3 } >, (1.17)

2. COEFFICIENT BOUNDS

Due to Jahangiri [7], we state the following sufficient coefficient bound for the
harmonic functions f € H(y) the class of harmonic starlike functions of order
v,(0 < < 1) a subclass of H consisting of functions of the form f = h + g given
by 1) satisfying the condition that % (argf(2)) > 7.
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Theorem 2.1. [7]. Let f = h+g be given by (1.9). If

S 2l + ] <2 (2.1)
1—v 11—~ -

n=1
where a1 =1 and 0 < < 1, then f € H(y).
The following result gives a sufficient coeflicient condition for the harmonic func-
tions f € Ly (7; ;7).
Theorem 2.2. Let f = h+ g be given by , If

oo

n—y n+y Ty
S 5= el + 5 ol xstim) < 2 22)

n=1

where a; =1 and 0 <y < 1, then f € Ly(T; ;7).

Proof. Since n < min{%w;(al; A l;m); %‘;’w;(al; A;l;m)}, it follows from The-
orem2.1| that f € H(7) and hence f is harmonic, orientation preserving and univa-
lent in U. Suppose the condition (2.2) holds true. To show that f € Ly (7;)\;7),

we show (in view of (1.17))) that

§R =

/ -, N7
2 (£35h(=)) == (£550.9(2)) . { A2)
() + Lrgna(2)

where

A(2) = 2(L79 h(2)) —2(L7 g(2)) = 24> nwl (e AN lm)anz"—Y nw? (aq; X 1;m)b,z"
Alm Alm n n

n=2 n=1
and
B(z) =z + Zw;(al; X l;m)agz™ + Z wl (a1; A l;m)b,z".
n=2 n=1

Using the fact that Re {w} > v if and only if |1 — v + w| > |1 + v — w], it suffices
to show that

[A(z) + (1 =7)B(2) - [A(z) — (1 +7)B(2)| = 0. (2.3)
Substituting for A(z) and B(z) in (2.3), and performing elementary calculations,
we find that

[A(2) + (1 =) B(2) = [A(z) = (1 +7)B(2)]

. n— n+ T n—
> 2(1 - )l {2 Y [l | e nix s }

1—7

n=1

— [n— +
>2<1—~y>{2—2 [Tjanﬁfjwn@ w;<a1;x;z;m>} >0,

which implies that f(z) € Lg(T;A;7). O

n=1
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The harmonic function
‘Z+§:n— St S e

2.4)
where Z |z, + Z |yn| = 1 shows that the coefficient bound given by |Ii is

sharp. "
The functions of the form (2.4) are in Lz (7; ;) because

. — i (a3 sl +Y)wp(ea; A5l
Z (Tl V)Wn(_ozl m) |&n| + (TL ’Y)UJ Eal m) |bn|
= 1—v 1—v
=14 ) fzal+ ) lyal = 2.
n=2 n=1

Our next theorem gives a necessary and sufficient condition for functions of the
form (|1.3)) to be in the class Lz(7;A; 7).

Theorem 2.3. Fora; =1and 0 <~y <1, f=h+7g¢€ Lyg(T;X\;7) if and only if

n=1

Proof. Since L5 (7;A;v) C Lu(T;A;7), we only need to prove the ”only if” part
of the theorem. To this end, for functions f of the form (|1.3), we notice that the

condition
%{zwggwwn—zg§%g<»}27
L35 mh(2) +(£377,9(2))

implies that

(1=7)z—= > (n—"y)wl(a; A l;m)anz" Z (n 4+ ¥)w? (ay; A l;m)b, 2"
R n=2 n=1 >0
z— Y wh(a A lym)agz™ + Z wr (a3 Ay l;m)b,z"
n=2 n=1

The above required condition must hold for all values of z in U. Upon choosing
the values of z on the positive real axis where 0 < z = r < 1, we must have

1—-7v) - E (n — Ywi(a; X Lm)anr™™ ™ — 3 (n 4 y)wi (a1; A L m)bpr™ ™t
n=2 oo":l > 0. (2.6)
1— > wi(an A lm)anr™=t + Y wi(an; Ayl m)bprn—t
n=2 n=1

If the condition does not hold, then the numerator in is negative for r sufficiently
close to 1. Hence, there exist zo = ¢ in (0,1) for which the quotient of is negative.
This contradicts the required condition for f(z) € Lz(7; A;7y). This completes the proof
of the theorem. O

3. DISTORTION BOUNDS AND EXTREME POINTS

By applying the condition ([2.5) and employing similar steps of derivation as
given in [5 [6 8 [7], we state the following results without proof.
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Theorem 3.1. (Distortion bounds) Let f € Li(7;X;7), then (for |z| =r < 1)

1 1—v 1479 9

1—-b — — b <

(= b)r = s (2_7 .- 1)r_|f<z>|
1 1—y 147

<(14+0bd b

<+ 1)TJFWE(Ozl;A;l;m) (27 2—v 1)

Corollary 3.2. If f(z) € Ly(T; A7), then

) 2wz (a3 A lsm) — 1 = [wg (@ Ajlsm) — 1]y 2w (e Ajlim) — 1 — [ws (s Ajlsm) + 1y
{ostul < g (@A) (g @A m) iy IO

The extreme points of closed convex hulls of L7(7; A; v) denoted by clcoL (3 A; ).
Theorem 3.3. (Extreme Points) A function f(z) € clcoLy(T; X;7y) if and only
if f(2)= > [Xnhn(2)+ Yngn(2)], where

n=1
1—

g n _ 1_7 —_n
M) =2 hn(e) =2 = G gmy© (P22 &) =2 g my (22

Z Xo+Ya)=1, X, >0and Y, >0.
In particular, the extreme points of Lyr(T; X;7) are {hn} and {gn}.

4. INCLUSION RESULTS
The following result gives the convex combinations of the class L#(7; A; 7).
Theorem 4.1. The family L+(7; A;7y) is closed under convex combinations.

Proof. Let f; € Lz(T;Ay) (i =1,2,...),where
o) (o]
2)=z=Y lainlz" + D |binlz".
n=2 n=2
The convex combination of f; may be written as

S s 3 (Sl ) 3 (Sl
i=1 =1 n=1 =1

provided that Y ¢; =1 (0 <t <1).
i=1
Applying the inequality (2.5 of Theorem [2.3 m we obtain

Z (n—’y)wlniocl,)\ l;m) (Zt |azn|> (n+7)bjn£a1,k l;m) <Zt |bzn|>

n=2
= n —y)wn(a1; A5 l;m n+ Y)wn (a1; A l;m
m(Z i lan + 32 (i )b
n=2

M

¥ T—~

.
Il
—

M

ti=1,
1

7

and therefore, > t; fi € Ly (T; A;7). =

i=1
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Theorem 4.2. Let f(z) € L7z(T: A7) and F(z) € Ly(T;X;6), where 0 <6 <y <
1, then

f(2) % F(z) € Lg(T; A7) C Lg(T; A3 0).

Proof. Let f(z) = Z lan|z™ + Z |b,|Z" € Lyg(T;X;7y) and F(z) = z —

n=2

> ARlz" + Y |Ba|Z" € Ly (T A;9), then
n=2 n=1

f2) % F(z) =2 =Y lan|[An|z" + ) [bn]| Bnlz™.
n=2 n=1

From the assertion that f(z) * F(z) € Ly(7;\;0), we note that |4,| < 1 and
|B,| < 1. In view of Theorem and the inequality 0 < § < < 1, we have

= a,)\,l,m (n+d ay; A lm
y o LABM) ) g, S O 1(_; ol 18
n=2 n=1
L (n = 8wl (a; Ay 1;m) = (n+ al,)\,l,m)
<> - |an| + Z b
n=2 n=1
2 (n =)Wl (ag; A 1;m) = (4w ahx\,l,m)
<y ookl i, > bal < 1.
n=2 n=1

by Theorem 2.3} f(z) € Lz(7; A;7). Hence f(z) % F(z) € Lg(1; A7) C Lg(T; A5 0).
(I

Lastly, we consider the closure property of the class L7(7; A;7) under the gen-
eralized Bernardi-Libera -Livingston integral operatorL.[f(z)] which is defined by

c+1
z¢

()] = / (7 f ()t (¢ > —1).

0

We prove the following result.
Theorem 4.3. Let f(z) € Lg(T;X;7), then L.[f(2)] € Lg(T; A7)
Proof. Using (1.1)) and (1.3)), we get

Lolf()] = S /

ZC
0 0
1] 0 +1
_ oot /tC*1 (t— 3 ant"> dt+ < /tc 1 ( |bn|t"> dt
ZC
0 n=2 0 n=1

_Z—ZA 2" +ZBZ

n=1
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where A,, = <L |a,,| and B, = <L |b,|. Hence

ctn c+n
o0 n—vy[{c+1 n4+v (c+1
b T I
7;|:1_’7(C+n|an|)+1_,y<c+n|n| wn(alv/\v ;m>
3 n_’y n—’_’y T . . .
< Z:L—VMM+1_WMM}%WL%Lm)
n=1
< 2
since f(z) € Lg(7; X;7), therefore by Theorem 2.3, Lo(f(2)) € L (T3 ;7). 0

Concluding Remarks: By choosing 7 = 1 and A = 0 the various results
presented in this paper would provide interesting extensions and generalizations of
those considered earlier for simpler harmonic function classes (see [5} (6] 8, [12]). The
details involved in the derivations of such specializations of the results presented in
this paper are fairly straight- forward.
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