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of degree at most n and p/(z) denote the derivative of p(z).
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Abstract: In this paper, we consider a class of meromorphic functions 7(z) having an s-fold zero at the
origin and establish some inequalities of Bernstein and Turan type for the modulus of the derivative of rational
functions in the sup-norm on the disk in the complex plane. These results produce some sharper inequalities
while taking into account the placement of zeros of the underlying rational function. Moreover, many inequalities
for polynomials and polar derivatives follow as special cases. In particular, our results generalize as well as refine
a result due Dewan et al. [6].
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1. Introduction

Let P, denote the class of all complex polynomials

n
p(z) == Z a;z’
=0

Ty :={z : |2| = k} and D;" denote the region outside Ty. For a; € C, we write

and

Ry = Rulaq,ag,...,ap) := {p(z) I pE Pn},

the set of rational functions with poles aq, s, ..., o, such that a; € Df' and with finite limit at

infinity. A famous result due to Bernstein states that:

Theorem 1 [5]. If p € P,, then for any z € C

/
< .
max Ip'(2)] < nmax Ip(2)]

Let D, denote the region inside
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If p(z) # 0 for z € Dy then it was conjectured by Erdds and latter proved by Lax [9] that

’ n
< —
max Ip'(2)] < 5 1max Ip(2)],

where as, if p(z) # 0 for z € D}, then Turén [11] proved:

’ n
> — .
maxlp ()] = 3 maxlp(=)

Li, Mohapatra and Rodriguez [10] obtained Bernstein-type inequalities for rational functions
r € R, with prescribed poles oy, ao, ..., a;, replacing 2" by Blashke product B(z). Among other
things they proved the following results for rational functions with prescribed poles.

Theorem 2. Ifr € R,, has n zeros all lie in T} U Df, then for z € Ty, we have
/ 1 !/
7' (2)] < 1B (2)l[r(2)]-

The result is sharp and equality holds for r(z) = aB(z) + b, with |a| = |b] = 1.
As a refinement of Theorem 2, Aziz and Shah [2] proved the following:

Theorem 3. Let r € R, be such that all the zeros of r(z) lie in Ty U Df. If t1,ta,...,t, are
the zeros of B(z) + A and $1, S, ..., S, are the zeros of B(z) — A\, \ € Ty, then for z € T}

'y 1/2
e < PP G )+ (o o)} (1.1)

1<j<n

In this paper we prove some results which infact strengthen certain known inequalities for rational
functions with prescribed poles and inturn produce refinements of some known polynomial inequal-

ities. We first prove the following generalization as well as a refinement of a result due to Wali and
Shah [12].

2. Main results

Theorem 4. Let

where
m—s )
p(z) =2° <ao + Z ajz]>
=1

s a polynomial of degree m, having all zeros in Ty, U D,j, k > 1 except an s-fold zero at the origin.
If ty,ta, ..., t, are the zeros of B(z) + A\ and sy, sg, ..., sy, are the zeros of B(z) — A\, A\ € Ty, then for
zel

|7“/(Z)| < M{( max |T(tj)|)2 —|—( max |T‘(Sj)|)2

2 1<j<n 1<j<n
_4{( k ]aol—kms\am_s\>_ sk _2m—n(1+/<:)} \r(z)]2}1/2
1+ &\ lao| + k™ 5lam—s| ) 1+k 200+k) JIB()I)

If we take k =1 and m = n, in Theorem 4, we get the following:
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Corollary 1. Let

where
n—s )
p(z) = 2° <a0 + Z ajz])
j=1

is a polynomial of degree n, having all zeros in Ty U Df except a zero of multiplicity s at origin. If
ti,to,...,t, are the zeros of B(z) + A and s1, $2, ..., Sp, are the zeros of B(z) — A\, X\ € T, then for
zeT

() < L2G) {( e [r(t5)])” + ( max [r(s;)])° - 2[(‘%‘ - ’“H’) |‘;<f(l’)2| - } }1/2. (2.1)

2 1<j<n 1<j<n lag| + |an—s|

On comparing inequalities (1.1) and (2.1) and noting that |ag| > |an—s|, it is easy to see that
for s = 0, Corollary 1 is an improvement of Theorem 3 which is a result due to Aziz and Shah [2].

Remark 1. For s = 0,k = 1 and m = n, Theorem 4 reduces to a result due to Wali and
Shah [12, Theorem 1].

It is to be noted that in the paper of Wali and Shah [12] an advanced tool (Osserman’s lemma)
has been used for its proof. However, we here use a simple application of mathematical induction
to prove a more general result from which the result of Wali and Shah follows as special case.

If we take s = 0,m = n in Theorem 4, we have the following:

Corollary 2. Let

where .
p(z) = <ao +y ajzj)
j=1

is a polynomial of degree n, having all zeros in Ty U D:, k> 1. If ty,ts,...,t, are the zeros of
B(z) + X and s1, S2, ..., Sp, are the zeros of B(z) — A\, X\ € Ty, then for z € T}

|B'(2)|

e < P e )+ 651

2
L qnltk=1) |k (laol = Kanl \ ()P
4{2<k+1>+k+1<|ao|+kn|an|>|B'<z>|}} |

If we consider that r(z) has a pole of order n at z = «, then

V(o) — ( p(2) ) __(n—mp() + Dup(2)

(z — a)ntl ’
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where for any o € C, D4p(z) denotes the polar derivative of the polynomial p(z). Also

B(z) = <1 —@z) _ w*(z)7

Z—

with B(z) — 2™ as a — oo, and
n—1
B(2) = n(la)>=1) (1 -az ‘
(z—a)? \ z—«

n 042—

Further for z € T,
2 —af?
Using these observations with m = n in Theorem 4 and letting |a| — oo, we get the following:

Corollary 3. Let p € P, be such that all the zeros of

n—s
p(z) = 2° <a0 + Z ajzj)
j=1

lie in Ty U D,j except an s-fold zero at the origin. If ty,to,....,t, are the zeros of 2™ + A and
81,892, ..., 8y are the zeros of 2™ — A\, \ € Ty, then for z € T

2

I < 5{ (s, o)) + (s (s))

—4[ i <‘“0’—k“\an—s!> sk n(l—k)]\P(Z)P}l/Q‘

14+ k\Jao| + k" 5lan—s| ) 14+k 200+k)| n
By taking &k = 1 in Corollary 3, we get the following:

Corollary 4. Let p € P, be such that all the zeros of

n—s
p(z) = 2° <a0 + Z ajzj)
j=1

lie in Ty U DI except an s-fold zero at the origin. If ty,ta,....t, are the zeros of 2™ + \ and
81,892, ..., 8y are the zeros of 2" — A\, X\ € Ty, then for z € T}

Pl < P e )+ (s, o) -2 (122 e ) PO ] }1/2.

2 1<j<n 1<j<n lag| + |an—s| n

Taking s = 0, and noting that |ag| > |a,—s|, it can easily be seen that Corollary 4 is an improvement
of a result due to Aziz [1, Theorem 4].
We next prove the following:

Theorem 5. Let r € Ry, be such that all zeros of r(z) lie in T, U D, , k < 1 with an s-fold
zero at the origin, then for some v with |y| <1 and for any z € Ty

inf |r(z)].

2ks +n(l— k)
)7“(2) z€Ty,

2ks+n(1—/<:)>
1+k

(1 ) mens (T

ar'(2) + 5 (1)) +
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By taking s =0, k =1, Theorem 5 reduces to the result due to Hans et al. [8, Theorem 1].
Again substituting for r(z),r’(z) and |B’(z)| the values as in Corollary 3 and letting |a| — oo,
we get the next property from Theorem 5.

Corollary 5. Let p € P, be such that all the zeros of a polynomial p(z) lie in Tj, U D, except
an s-fold zero at the origin, then for some v with |y| <1 and for any z € Ty

Zp,(z)+z<n+2ks+n(1—/<:)>p(z) 1<2k3+n(1—k)>

' (2.2
2 11k 2 1+k min |p(2)|.  (22)

z€Ty,

> ‘(14—%)1@4—

Remark 2. For s =0,k =1, (2.2) reduces to a result due to Dewan and Hans [6, Theorem 1].

3. Lemmas

For the proof of these theorems we need the following lemmas.

Lemma 1. If
- 1—ajz

Z—Oéj

Then for z € T
aw'(z), _ n—|B'(z)

The above lemma is due to Aziz and Zargar [3].

Lemma 2. If (xj);il be a sequence of real numbers such that x; > 1,5 € N. Then

n n )
Zl—l“j < 1_Hj:1x]

T+a; = 1+ =

j=1
for all n € N.

The proof of Lemma 2 is a simple consequence of the principle of mathematical induction.

Lemma 3. Suppose r € R,, and if t1,ts, ..., t, are the zeros of B(z) + A and s1, S2, ..., Sp are
the zeros of B(z) — A\, A € T1, then for z € T}

/Z 2
()2 + |T*/(Z)|2 < M{( max |r(tj)|)2 + ( max |r(5j)|)2}.

2 1<j<n 1<j<n
The above lemma is due to Aziz and Shah [2].

Lemma 4. Let r € Ry, be such that all zeros of r(z) lie in Tj, U D,k < 1 with s-fold zeros at
the origin, then for z € T}

') 2 5 (18] + @b 01 =49 ) o)

The above lemma follows from a result due to Akhter et al. [4].
Next lemma is due to Li, Mohapatra and Rodgriguez [10].

Lemma 5. If A and B are two complex numbers, then
(i) if |A| > |B| and B # 0, then A # vB for some complex number v with |v| < 1;

(ii) conversely, if A # vB for some complex number v, with |v| < 1, then |A| > |B].
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4. Proofs of Theorems

Proof of Theorem 2. Since

where

This implies
21 (2) 2B (2)  2u/(2)

) TG )

() = () ()

Let 21, 22, ..., Zm—s be the zeros of h(z), such that |z;| > k > 1. In particular for z € T} , we get by

using Lemma 1.
e (T —orme( 5 55) - (55)

Equivalently, we get

<

— 1 zw’(z)>
<s+ —Re(
;1+|Zj| w(2)
_ 8( L > _ (n— !B'(Z)\>
= T4z 14k 2
_ 12 n—|B'(2)|
= +1+k+1+k:zk+|z]|k >
<5 T — Izl (n= B
1+/<: 1+k k+yzjy 2

Now using Lemma 2 with |z;[/k > 1, we get

()5t (A (-2

m— s X k </€ms’am—s‘ B ’aO, - (n B ’B (Z)’)> (4.3)

T+ k " 1+k\ k™ |am_y| + |ao] 2
2m —n(l+k)  2sk 2k [ |ao] — K™ | am—s|
— !B - .
2{' By L oy 1+k<|a0|+kms|ams|

Now

therefore using the fact that
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(see also [10]) we get for any z € T}
P (2)| = [|B'(2)Ir(2) — 21" (2)].

This implies for z € T}

oGP i T OF e [ EF e (26)
C O - T8 cimer | TE capeme (2. aa
Now using (4.3) in (4.4), we get
2@ ap O

_’B,(Z)’<‘B,(Z)‘+2m—n(1—|—k‘) osk 2k <|a0|—kzm_8|ams|>>.

T+k itk 1+F lao| + ™5 |apm—s|

This gives for z € Ty

! 2 __ lm—s B 9 9 — 1
Ir* (Z)|22|7”'(Z)|2+{ k (!ao! k™0 am s!> sk 2m—n(l+k)

— _ B/ 2‘
1+ k\|ao| + k™[ am | 1+k 1+ k& }‘ (2)[Ir(2)]

This implies

2 — kK™% gy, — 2 2m —n(1
2\7“'(2)]2—1—{ k <]a0\ k™5 |ay, 5\> sk 2m —n(1+k)

1+ k\Jao| + k™ 5|am—s] ) 1+Fk 1+ k }! (2)|I7(2)]
<)+ (2))%.

Using Lemma 3, we get

2k (|ao] — ™| am—s| 2sk  2m —n(1+k)

2 / 2 . _ B/ 9
(=)l +{1+k<]a0\+km—5]am_s\ 1+ k e CAQUUO
|B'(2)|? 2 >

< — 7 . .
< {(gjasxnlr(tg)l) + (max [r(s;)]) }

On simplification, it follows that

7 (2)| < [B'(2)| ( max ]r(t»)\)Q + ( max \7"(&)\)2
-2 1<j<n’ Y 1<j<n Y
4{( k <|a0| —k:m_8|ams|> sk 2m—n(1+kz)] Ir(2)[2 }1/2
1+ & \ao| + K™% |am_s| 1+k 2(1+ k) |B'(2)] ’
This completely proves Theorem 2. O

Proof of Theorem 3. Suppose r(z) has a zero on T}, then

m = inf Ir(z)] =0
and the result holds trivally. We assume all the zeros of r(z) lie in D, ,k < 1 with an s-fold zero
at the origin. So that m > 0 and for z € D, , |r(z)| > m.
Since |B(z)| <1 for z € T1 UD7 (see [7, p. 40]), therefore |B(z)| <1 for z € Ty, k <1 . Hence
it follows by Rouche’s theorem that for some § with |§] < 1,

F(z) =r(z) — 6mB(z)
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has all zeros in D, ,k < 1. Applying Lemma 4 to F'(z), we get for z € T}

2ks +n(l —k)

1
F'(z)] > =
2 @”—2{ 1+ k

n \B’(z)\}!F(Z)!-

That is for z € T}

zr'(2) — dmzB'(2)

S 1{2k5+n(1—k:)

25 Tk + ]B’(z)]}!r(z) — 6mB(2)|.

Since F(z) # 0 in Ty, U D;}, therefore for any complex number v with |y| < 1, we have from (i) of

Lemma 5,

2ks+n(1—k) |B'(2)]
2(1 + k) 2

T(z) = 21'(2) — dmzB'(2) + 7{ }(r(z) —0mB(z)) #0.

This gives for z € T}

v [ 2ks +n(l —k)

5{ 1+Fk

2ks +n(l —k)
1+k

HBEI )

—&nPB%@—FZ{

5 +uﬂ@@3@ﬂ¢a

Now using (ii) part of Lemma 5, we get for || < 1, |[y| <1and k <1

ZT,(Z)+%{%9—;+(}C_I€)+|B,(Z)|}T(Z) ZB,(Z)+7B2(z){2kS—;Z(]1€_k) —{—|B/(Z)|}'.

Equivalently for z € T1, we have

>m

2r'(2)

= s m )

v (2ks +n(l—k)
2 1+k

inf |r(z)|.

2|3 o+

This completely proves Theorem 3. O
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