Journal of Inequalities in Pure and
Applied Mathematics

SOME GENERALIZED CONVOLUTION PROPERTIES ASSOCIATED
WITH CERTAIN SUBCLASSES OF ANALYTIC FUNCTIONS

SHIGEYOSHI OWA AND H.M. SRIVASTAVA

Department of Mathematics
Kinki University
Higashi-Osaka

Osaka 577-8502, Japan
EMail: owa@math.kindai.ac.jp

Department of Mathematics and Statistics,
University of Victoria,

Victoria, British Columbia V8W 3P4, Canada.
EMail: harimsri@math.uvic.ca

URL: http://www.math.uvic.ca/faculty/harimsri/

(©2000School of Communications and Informatitoria University of Technology
ISSN (electronic): 1443-5756
033-02

volume 3, issue 3, article 42,
2002.

Received 5 March, 2002;
accepted 6 April, 2002.

Communicated by: G.V. Milovanovic

Abstract
Contents
44
| 2
Home Page
Go Back

Close

Quit


Please quote this number (033-02) in correspondence regarding this paper with the Editorial Office. Email: jipam@sci.vu.edu.au Phone: +61 3 9688 4437 (Editor-in-Chief: S.S. Dragomir) +61 3 9688 4683 (Managing Editor: John Roumeliotis) +61 3 9688 4264 (Administrative Officer: Pui Ling Pang) Facsimile: +61 3 9688 4050 or +61 3 9688 4908

mailto:grade@elfak.ni.ac.yu
http://jipam.vu.edu.au/
mailto:owa@math.kindai.ac.jp
mailto:harimsri@math.uvic.ca
http://www.math.uvic.ca/faculty/harimsri/ 
http://sci.vu.edu.au/

Abstract

For functions belonging to each of the subclasses M’ (a) and N () of nor-
malized analytic functions in open unit disk U, which are introduced and in-
vestigated in this paper, the authors derive several properties involving their
generalized convolution by applying certain techniques based especially upon
the Cauchy-Schwarz and Hélder inequalities. A number of interesting conse-
quences of these generalized convolution properties are also considered.

2000 Mathematics Subject Classification: Primary 30C45; Secondary 26D15,

30A10.

Key words: Analytic functions, Hadamard product (or convolution), Generalized con-
volution, Cauchy-Schwarz inequality, Holder inequality, Inclusion theo-
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Let .4, denote the class of functiorf§z) normalizedin the form:

(1.1) f(z2) —z—i—iak 2F

k=n

(ne N\{1}; N:={1,2,3,...}),

which areanalyticin the openunit disk
U:={z:2€¢C and |z] <1}.

We denote byM,, () the subclass afd,, consisting of functions (z) which
satisfy the inequality:

of <z>>
1.2 R <« a>1;,ze€l).
(-2 (5 | )
Also letNV,, () be the subclass of,, consisting of functiong (z) which satisfy
the inequality:

2f"(2)
f'(z)

Forn =2andl < a < g", the classed/, (o) and N, (o) were investigated
earlier by Uralegaddet al. (cf. [5]; see also4] and [5]). In fact, following
these earlier works in conjunction with those by Nishiwaki and OWg4ee
also [3]), it is easy to derive Lemma.1 and Lemmal.2 below, which provide
the sufficient conditions for functions € A, to be in the classe$,, (a) and
N, (@), respectively.

(1.3) 9‘{(1—1— )<oz (a>1; z€U).
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Lemma 1.1.If f € A, given by(1.1) satisfies the condition:

[e.e]

(1.4) (k—n)lay| Sa—1 (1<0¢<

o

=n

thenf € M,, (a).

n—+1

)

Lemma 1.2.If f € A, given by(1.1) satisfies the condition:

(1.5) Zk —a)lag] Sa—1 (1<a<

thenf € NV, ().

For examples of functions in the class&$, (o) and V,, («), let us first

consider the functiop (z) defined by

(1.6)

a—l)

+z(

which is of the form {.1) with

(17) ap =

n(a—1)

so that we readily have

o0

(1.8) > (

k=n

k(k+1)(k—a)

i o5

E+1

n+1

—a))

(k=nn+1,n+2 ..

)

)

D

Some Generalized Convolution
Properties Associated with
Certain Subclasses of Analytic

Functions

Shigeyoshi Owa, H.M. Srivastava

Title Page
Contents
<44 44
< >
Go Back
Close
Quit
Page 4 of 27

J. Ineq. Pure and Appl. Math. 3(3) Art. 42, 2002
http://jipam.vu.edu.au


http://jipam.vu.edu.au/
mailto:owa@math.kindai.ac.jp
mailto:harimsri@math.uvic.ca
http://jipam.vu.edu.au/

Thus, by Lemmd..1, ¢ € M,, (o). Furthermore, since
(1.9) f(z) eN, (o) = z2f'(2) e M, (a),

we observe that the functian(z) defined by

(1.10) +Z(k2 k+0‘1_1) >>zk

belongs to the clas¥/,, (a).
In view of Lemmal.1land Lemmal.2, we now define the subclasses

N (@) C N (a),

M (a) C M, (a) and
which consist of functiong (z) satisfying the conditions1(4) and (L.5), re-

spectively.

Finally, for functionsf; € A, (j = 1,...,m) given by

(1.11) fj(z)zz%—Za;w» P (j=1,...,m),
the Hadamard product (or convolution) is defined by

9=y (o)

(1.12) (frsk-% fi)(
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For the Hadamard product (or convolution) defined byL 9, we first prove
Theorem 2.1.1f f; (2) € M} (o) (j =1,...,m), then

(frx-ox fm) (2) € M (8),

where
(n = DI (o = 1)
2.1 =1 ] :
@ R H;“ NCo
The result is sharp for the functiorfs(2) (j = 1,...,m) given by

(2.2) fj(z)zz—i—(aj_l)zn (Gj=1,...,m).

n—ozj

Proof. Following the work of Owa 7], we use the principle of mathematical
induction in our proof of Theorerd.1 Let f;(2) € M} (ay) and fo (2) €
M (a2). Then the inequality:
(k —ay)lars| S a; =1 (j=1,2)
k=n

implies that

(2.3)
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Thus, by applying the Cauchy-Schwarz inequality, we have

2

Therefore, if

k=n
that is, if

\/ |6Lk,1| |ak 2| <

Oél—l —1

f2) (=

= |1
)

<i (:-

k=n

> (47 ram||am\<2

|ak,|

aq > k—OZQ
_ 1) |ak,1|> (kz;l (052 — 1) ’ak,2’> é L.

ay) (k — «
—1) (a2 —1

(=

) € M, (9).

We also note that the inequalit®.@) yields

\/ Nkl =

Consequently,

if

/

(1 — 1) (ap — 1)

=12 k=nn+1n+2,...).

(k — 041) (k — Oég)

2
) ‘ak,l, ’ak,2|7

(k=nn+1n+2...
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that is, if

(k — Oél) (]{7 — 042)
(a1 = 1) (a2 — 1)

then we have f, = f,) (2) € M, (6). It follows from (2.4) that

(k=nn+1,n+2,...),

k—9¢
<

(k—1)(ag — 1) (ag — 1)
(k—oq) (k’—(l/g) —f-(Oél — 1) ((1/2 — 1)

d=1+ =: h(k)

(k=nn+1,n+2,...).

Sinceh (k) is decreasing fok = n, we have

n—1)(ay — 1) (g — 1)
621+(n—al)(n—a2)+(a1—1)(&2—1)’

which shows thatf; = f») (z) € M* (0), where

m—1)(ag —1) (g — 1)
(n—ai)(n—a)+ (a; —1) (ag — 1)

=1+

Next, we suppose that

(fr- - fm) (2) € M (7)),

where

(n = DI (o — 1)
H?; (n—a;) + H;n:1 (a; — 1)

vyi=1+
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Then, by means of the above technique, we can show that

(fr--x fmia) (2) € M (B),

where
_ (n—=1) (v = 1) (@1 — 1)
(2.5) pi=1+ (n—7)(n = amy1) + (v = 1) (@my1 — 1)
Since ( )1 ( )
n—1 ;n:+11 a; —1
(v =1 (g1 — 1) = H;”ZI (n— Oéj) + H;nﬂ (O‘j —1)
and

) (1 ) — = DI (0= )
T T T = ag) + T (g — 1)
Equation 2.5) shows that

) (n— DT (05— 1)
T T e T (@, - 1)

Finally, for the functionsf; (z) (j = 1,...,m) given by @.2), we have

(i ) (2) = 2+ (ﬁ (Sj—_ai-)) M= at Ay 2

where
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It follows that

Z;QﬁT)M”_L

This evidently completes the proof of Theor@m. O

By settingoy; = o (j = 1,...,m) in Theorem2.1, we get
Corollary 2.2. If f; (z) € M} () (j =1,...,m), then

Some Generalized Convolution
Properties Associated with

(fl ek fm) (Z) € M; (ﬁ) ) Certain Subclasses of Analytic
Functions
where (n o 1) (a - 1>m Shigeyoshi Owa, H.M. Srivastava
(n—a)” +(a—1)
The result is sharp for the functiofs (z) (j = 1, ...,m) given by Title Page
a—1 Contents
fj(z):z—i-(n_a)z (7=1,...,m). « b
Next, for the Hadamard product (or convolution) of functions in the class < 4
Theorem 2.3.1f f; (2) € N (o) (j = 1,...,m), then Close
(frs--ox fin) (2) € N (B), Quit
Where Page 10 of 27

(n— D%, (5 — 1)
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The result is sharp for the functiorfs (z) (j = 1,...,m) given by

Oéj—l

(2.6) fﬂ@:z+< >z" G=1,....,m).

n(n—a;)

Proof. As in the proof of Theoren®.1, for f; (z) € N (aq) and f» (2) €
N (ay), the following inequality:

. (k(k—46
> (%) |ag1| |akz| =1

k=n

implies that(f; * f2) (z) € N (). Also, in the same manner as in the proof of
Theorem?2.1, we obtain

(k—1)(ag — 1) (ag — 1)
k‘(/{?—()él)(k—OéQ)—i—(Oél—1)(042—1)
(k=n,n+1,n+2,...).

(27) §=1+

The right-hand side ofZ 7) takes its maximum value fdr = n, because it is a
decreasing function df = n. This shows thatf; = f2) (z) € N (0), where

n—1)(ay —1) (g — 1)
n(n—ay)(n—a)+(ag—1)(ag — 1)

§=1+

Now, assuming that

(fro-x fm) (2) € Ny (7)),
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where

(n=DI[Z (o = 1)

Y= 1+ m— m m )
nm-1 Hj:l (n—ay) + Hj:l (aj — 1)
we have
(fi -k fng1) (2) €N (B)
where
B=1+ (n—=1)(y = 1) (p — 1) Some Generalized Convolution
n(n =) (= tmer) + (7 = 1) (Qmer — 1) S N
s (n _ 1) H;”:‘El (Oéj _ 1) Functions
o nm H;”:"il (n _ aj) + H;”:"il (aj _ 1)‘ Shigeyoshi Owa, H.M. Srivastava
Moreover, by taking the functiong; (z) given by @.6), we can easily verify _
that the result of Theoreth 3is sharp. O MRS FEEE
: . . Content
By lettingo; = o (j = 1,...,m) in Theorem2.3, we obtain onten's
Corollary 2.4. If f; (z) e N;i (o) (j = 1,...,m), then S Al
. < >
Go Back
where . .
n — a—1" Close
ot (=D=1"
nmt(n—a)” + (a—1) Quit
The result is sharp for the functiorfs(z) (j = 1,...,m) given by Page 12 of 27
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Now we turn to the derivation of the following lemma which will be used in
our investigation.

Lemma2.5.1f f (z) € M: (a)andg (z) € N (8), then(f * g) (z) € M (7),
where
(n=1)(a=1)(B-1)

n(n—a)n—pF)+(@-1)(B-1)
The result is sharp for the functiorfS(z) andg (z) given by

vi=1+

Some Generalized Convolution
Properties Associated with

a—1 Certain Subclasses of Analytic
f (Z) =z + 2" Functions
n—auo
Shigeyoshi Owa, H.M. Srivastava
and 51
g(z) =2+ (—n (n = ﬁ)) 2", Title Page
Proof. Let Contents
F) =2+ a2t e M (a) « dd
k=n < 4
and 0 Go Back
g(z):z—i—ZbkzkeNs(ﬁ). Close
k=n
. . . it
Then, by virtue of Lemma.1, it is sufficient to show that Qui
Page 13 of 27
S (527l <1
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for (f * g) (z) € M} (). Indeed, since

= [k —«
()

k=n
and : )
> (k(k-3
; (ﬁ) |bk| = 1,

if we assume that

— (k- >k (k—a) (k-
> (E27) o < Z\/ g b

so that
Vag| |br] = (Z:i) \/k(f:f;)<(ﬁk__1ﬁ>) (k=nn+1n+2,...)

then we prove thatf * g) () € M (). Consequently, ify satisfies the in-
equality:

(k-D(-1)E-1)
k(k—a) (k=) + (-1 (1)

then(f *g) (z) € M (y). Thus itis easy to see théf x g) (z) € M? (v)
with ~ given already in Lemma.5. ]

vy 1+ (k=n,n+1,n+2,...),
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By combining Theoren2.1and Theoren2.3with Lemma2.5, we arrive at

Theorem 2.6.1f f;(z) € M} (o) (j=1,...

(7=1,...,q), then
(frs-xforgix---xgy) (2) € M (v),

where (n—1)(0—1) (5 1)
LY Py ¥ o) S PO Y BV

_ (n—1) ?:1 (a; — 1)

(28) I ) + I ()

and

09) PSRN o 1)1 YU

T, (0= ) + 10 (3, — 1)

The resultis sharp for the functiorfs(z) (j = 1,...,p)andg; (z) ( =1, ...

given by

(2.10) fi(2) =2+ (zj__ai) S (G=1,...,p)
and

(2.11) gj(z)zz+<n(ﬁé—:;j))zn G=1,...,q).

,p) and g; (2) € N (5))
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Fora; =a(j=1,....,p)andg; = 5 (j =1,...,q), Theorem2.6 imme-
diately yields

Corollary 2.7. If f;(z) € M:(a) (j=1,...
(7=1,...,q), then

(fix-xforgir-xgy)(2) €M (7)),

,p) and g; (z) € N7 ()

where

(n—1)(a-1)"(B-1)"
nt(n—a)’(n—F3)7"+(a=1)"(F-1)"
The resultis sharp for the functiorfs(z) (j = 1,...,p)andg; (2) (j =1,...,q)
given by

v=1+

(2.12) fj(z):z+(::;) o (j=1,...,p)
and
(2.13) gj(z):z+<%> 2" j=1,...,q9).

We also have the following results analogous to Theazedrand Corollary
2.7.

Theorem 2.8.1If f;(z) € M: (o)) (j=1,...,p) and g; (2) € N} (5))
(7=1,...,q), then

(fix-xfyxgir---xgy) (2) €Ny (),
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where

(n=D-DB-1
(n—a)(n=PF)+(@-1)(B-1)
« and g are given by(2.8) and (2.9), respectively. The result is sharp for the

functionsf; (z) (j=1,...,p) andg; (2) (j =1,...,¢) given by(2.10) and
(2.11), respectively.

(2.14) vy=1+

Some Generalized Convolution

. * ) — . * Properties A iated with
Corollary 2.9. If f; (2) € Mi(a) (j=1,...,p) and g;(2) € NI(B) S S iSe
(] =1,... 7C])a then Functions
(fl Ko xk fp gy Kk gq) (Z) e N: (’y) : Shigeyoshi Owa, H.M. Srivastava
where Title Page
(n—=1)(a=1)"(B-1)* Contents

(2.15) vy=1+

nt=t(n—a)’ (n—B)" + (a - 1" (B - 1T

4« 44
The resultis sharp for the functiorfs(z2) (j = 1,...,¢)andg; (z) (j =1,...,q) < >
given by(2.12) and (2.13), respectively. o Back
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Close
Quit
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For functionsf; (z) (j = 1,...,m) given by (L.11), the generalizedconvolu-
tion (or thegeneralizedHadamard product) is defined here by

(3.1) (fre---ef)(2) ::z—l—z (H (ak,j)f’lj) 2k

j=1 P
Our first result for the generalized convolution defined Byl)is contained
in
Theorem 3.1.1f f; (2) € M} (a;) (j =1,...,m), then

(fro---ofn)(2) € M, (5),

where
AR —1 é
(3.2) B=1+ (n ) 11]_1 (ozj ) _
[T% (n—ay)r + 110, (aj — 1)
and

e (S () 1) =2

Jj=1
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The result is sharp for the functiorfs (z) (j = 1,...,m) given by

(3.3) fj(z):z+(aj_1>z” (j=1,...,m).

n—aj

Proof. We use the principle of mathematical induction once again for the proof

of Theorem3.1. Since, forf, (z) € M} (a1) and f; (2) € M (a2),

> k’—(l/j .
S () wls1 G=12),

k=n
we have
(3.4) ﬁ(i{(k_%);jla v%}m);}ﬂ
' S\ a;—1 kg =

Therefore, by appealing to the Holder inequality, we find fr@w)that

0o 2 L
S 2

which implies that

2 1 2 o
3.5 P < J
@9 [ _H(k

1
—1\7
) (k=nn+1,n+2,...).
Qi
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Now we need to find the smallest(1 < § < 1) which satisfies the in-

equality:
> (5_—1) (H\ak,jw) <1
k=n Jj=1

By virtue of the inequality .5, this means that we find the smallest
(1 <é < ™) such that

() ({1 < £ (A (=) o

=n ]:1

that is, that

2 o
k_—5§1—[(k—aj)a (k=nn+1,n+2,...),
which yields

(k= DI (05— 1)

b2 1+ S =+ 5 +
Hj:l (k —aj) + Hj:l (aj —1)%

Let us define

(k=nn+1n+2...).
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Then, for the numerata¥ (k) of 1’ (k), we have
N (k) = (01 = D (oq = )3 = (k= )i~ (k — ag) "

‘(k_l(k—a2)+k_l(k—oél)—(k—al)(k—%))

Y4 P2
1 1 L |
< (a1~ D)7 (ag = )7 — (k= ay)7 ' (k — ag)
1 1 Some Generalized Convoluti
(o ke (e =1+ - (b= ez - D).
P1 P2 Certain Subclasses of Analytic
Functi
Sincek = nandl < a; < 2!, we note thak — a; > o; — 1 (j = 1,2). This e
implies that Shigeyoshi Owa, H.M. Srivastava
< 1 11
N (k) s =(k—a)m (k=) Title Page
1 1
: (p_ (k—ag) (g — 1)+ p_ (k—a1) (e —1) — (g — 1) (a2 — 1)) Contents
1 2
a1 1 44 | 44
é — (]{; — 061)731 1 (k; — aQ)pz 1
< >
—(n — -1 —(n — —-1) — -1 -1
(5 tn=aa) (e =14 - (= ) a2 = 1) = s = D (e = ) o
=— (k- al)ﬁ_l (k — Oég)%_l Close
-{(n—1)<ﬂ+%—1)—2(a1—1)(a2—1)} Quit
h P2
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for k = n. Consequently, we have

(n—1) H?:l (oj — 1)% |
[T (n = ;) + 11 (e — )%

Thus the assertion of Theorednl holds true whemn = 2.
Next we suppose that

(fro---ofm)(2) € M (7),

d=1+

where )

(n =D (0 —1)™
H;’nzl (n—a;)? + HT:1 (aj —1)%
Then, clearly, the first half of the above proof implies that

(fro o fini1) (z) € M, (B)

v=1+

with

1 1
(n—1) (y = 1)\ Pt (appyy — 1)t

B=1+

It is easy to verify that

(n— DI (05— 1)%

f=1+ +1 e +1 o
Hj:l (n—a;)" + Hj:l (aj —1)"

1——1 _1 1—_1 _1
(m =) P (= Q)P (= 1) (g — 1)
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Thus, by the principle of mathematical induction, we conclude that

(fro--ofm)(z) € M, (5),

where/ is given by (8.2).
Finally, by taking the functiong; (=) (j = 1, ..., m) given by @3.3), we have

(fro--ofn)(z) =2+ (ﬁ <:j__ai)> 2,

which shows that

n—ﬁ) u (aj—1)p§- B

(ﬁ —1 (;111 n—

Therefore, Theorer.1is sharp for the functiong; (z) (j = 1,...,m) given
by (3.3). This completes the proof of Theorel H

By puttinga; = o (j = 1,...,m) in Theorem3.1, we obtain
Corollary 3.2. If f; (z) € M} () (j =1,...,m), then

(fro--ofm)(z) € M (a).
The result is sharp for the functiorfs (z) (j = 1,...,m) given by

fj(z):z—i—(a_l)zn (j=1,...,m).

n—uo
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Similarly, for the generalized convolution defined 8/1) for functions in
the classV;* («), we derive

Theorem 3.3.1f f; (2) € N} (o) (j = 1,...,m), then
(fro-- o fin)(2) €N, (B),
where
(= DI (o = D%
[T (n—ay)» + 1T, (e = 1)%

The result is sharp for the functiorfs (z) (j = 1,...,m) given by

(3.6) B=1+

(3.7) jﬂ@:z+<;%:ij)f G=1,...,m).

Proof. By applying the same technique as in the proof of Theoselpwe find
that(f, e f2) (2) € N (6), where

k=D, (a, —1)%
2( )HFM% ) — (h=na+ln+2,..),
Hj:l (k=)™ + Hj:l (aj —1)7
for fi (z) € N;f (o) and f5 (z) € N;f (az). Therefore, we have

(n T 1) H?Zl (CYj — 1)% |
H?zl (k—aj)? + Hil (aj —1)%s

d=1+

(3.8) §=1+
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Furthermore, by assuming that

(fre---ofm)(2) €Ny (7)),

where )
(n = DI, (05 = )™
’)/ = 1 + l_ij ! e 1
Hj:l (k—ay)™ + Hj:l (aj — 1) _ .
Some Generalized Convolution
we can show that Properties Associated With_
(fl ... o fm+1) (Z) c ./\/’; (ﬁ) : Certain Su?:ﬂ?iziisof Analytic
Where 1 Shigeyoshi Owa, H.M. Srivastava
n—DTT™ (o —1)%
PO ) 1 Y
H;”:JEI (k — ;)% + H;":ng (aj — 1)7 Title Page
Therefore, using the principle of mathematical induction once again, we con- Contents
clude that
44 >
(fro---ofm)(2) €Ny (B) ) ,
with ¢ given by 3.6).
It is clear that the result of Theoref3 is sharp for the functiong; (z) Go Back
(j=1,...,m) given by @.7). O Close
Finally, by lettingo; = o (j = 1,...,m) in Theorem3.3, we deduce Quit
Corollary 3.4. If f; (2) e N (a) (j = 1,...,m), then Page 25 of 27
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The result is sharp for the functiorfs (z) (j = 1,...,m) given by

(3.9) fj(z)zz+<na—_1))zn G=1.....m).

Some Generalized Convolution
Properties Associated with
Certain Subclasses of Analytic
Functions

Shigeyoshi Owa, H.M. Srivastava

Title Page
Contents
<44 44
< >
Go Back
Close
Quit
Page 26 of 27

J. Ineq. Pure and Appl. Math. 3(3) Art. 42, 2002
http://jipam.vu.edu.au


http://jipam.vu.edu.au/
mailto:owa@math.kindai.ac.jp
mailto:harimsri@math.uvic.ca
http://jipam.vu.edu.au/

[1] J. NISHIWAKI AND S. OWA, Coefficient inequalities for certain analytic
functions,Internat. J. Math. and Math. Sciz9 (2002), 285-290.

[2] S. OWA, The quasi-Hadamard products of certain analytic functions, in
Current Topics in Analytic Function Theofif.M. Srivastava and S. Owa,
Editors), World Scientific Publishing Company, Singapore, New Jersey,
London, and Hong Kong, 1992, pp. 234-251.

[3] S. SAITAAND S. OWA, Convolutions of certain analytic functionslge-
bras Groups Geom18(2001), 375-384.

[4] B.A. URALEGADDI AND A.R. DESAI, Convolutions of univalent func-
tions with positive coefficientsSflamkang J. Math29 (1998), 279-285.

[5] B.A. URALEGADDI, M.D. GANIGI AND S.M. SARANGI, Univalent
functions with positive coefficientsTamkang J. Math.25 (1994), 225—-
230.

[6] H.M. SRIVASTAVA AND S. OWA (Editors),Current Topics in Analytic
Function Theory World Scientific Publishing Company, Singapore, New
Jersey, London, and Hong Kong, 1992.

Some Generalized Convolution
Properties Associated with
Certain Subclasses of Analytic
Functions

Shigeyoshi Owa, H.M. Srivastava

Title Page
Contents
<44
<
Go Back
Close
Quit
Page 27 of 27

J. Ineq. Pure and Appl. Math. 3(3) Art. 42, 2002
http://jipam.vu.edu.au


http://jipam.vu.edu.au/
mailto:owa@math.kindai.ac.jp
mailto:harimsri@math.uvic.ca
http://jipam.vu.edu.au/

	Introduction and Definitions
	Convolution Properties of Functions in the Classes M*n ( ) and N*n ( ) 
	Generalizations of Convolution Properties

