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Abstract: This paper extends as a lemma an auxiliary result obtained by Singh and Chanam. Using it, we
prove a refinement of the Turdn-type inequality for rational functions obtained recently by Akhter et al. Next,
using examples, we discuss the result of Mir et al.
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1. Introduction

Let C denote the set of complex numbers z, and let R(z) be the real part of z. Let P, be the
set of all complex polynomials
n
g(z) == Z dy,2*
k=0

of degree at most n, and let ¢'(z) be the derivative of g(z). Let S; := {z : |z| =}, and let R;” and
Rl+ be the interior and exterior of Sj, respectively. For v, € C, let

w2 = [[—w: Ve =] (1 ‘W) ,

k=1 k=1

and let

Ry = Ru(11, 72, -1 Yn) = {i(é)) Lg€ Pn}

be the set of rational functions having a finite limit as z — oo and poles y1,72,...,Yn, such that
v € Rf. The well-known result of Bernstein [4] states the following.

Theorem 1 [4]. For any z € C, if g € P,, then

/
< .
max |g'(2)] < nmax|g(2)|

Confining himself to the set of polynomials whose zeros all lie in S7 U Rf, Erdos conjectured,
which was later confirmed by Lax [5], that

’ n
< = .
mely' (7)) < 5 mala (=)l

'The first author is highly thankful to NIT Manipur for financial support.
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If all zeros of g(z) are in Sy U Ry, Turdn [9] proved that

/ n
> — .
gggflg (2)| = 5 gggflg(»’o*)l

Li et al. [6] derived inequalities similar to Bernstein inequalities for rational functions ¢ € R,
considering prescribed poles 1,72, ...,7, and replacing 2" by the Blashke product V(z). They
established the following result featuring these poles.

Theorem 2 [6]. If ¢ € Ry, has all its zeros in S1 U R}, then, for z € Sy,

1
)] < 2V laCe)l
Equality holds for q(z) = agV (z) + by with |ag| = |bo| = 1.
Aziz and Shah [2] improved this inequality as follows.

Theorem 3 [2]. Let ¢ € R,, and all its zeros lye in S1 U Rf. If e1,e9,... e, are the zeros of
V(z) +& and €1,¢€,. .., €, are the zeros of V(z) — &, £ € S1, then, for z € Sy,

1/2

e = P52 (s atenl) (s lawl) (1)

2 1<k<n 1<k<n

Recently, Mir et al. [7] proved the following result, which gives a generalized and strengthened
upper estimate than that in Theorem 3.

Theorem 4 [7]. Let

where
m—s
g(z) = 2° Z dp,2*
k=0

is an m-degree polynomial (m < n) having all its zeros in S; U Rl+, I > 1, except for a zero of
multiplicity s at the origin. If e1,ea,..., e, are the zeros of V(z)+ & and €1, €2, ..., €, are the zeros

of V(z) = &, & € Sy, then, for z € Sy,

|d'(2)] < W;ﬂ{(g@nlwwlf + (él,gtSXnIQ(ek)I)2
L (ol = "l o\ sl 2m—n(L D) g2 2
_4<1+l (\do! +lm‘5\dm—s!> 1+l 21+ >\V’(2)\} '

Furthermore, Li et al. [6] obtained the following inequality for rational functions, which gener-
alizes the polynomial inequality of Turéan [9].

Theorem 5 [6]. If ¢ € Ry, has all its zeros in S1 U Ry, then, for z € Sy,
1
)] = 2Vl

Recently, Akhter et al. [1] obtained the following result by introducing a complex parameter o
which provides an improvement and a generalization of Theorem 5.
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Theorem 6 [1]. Assume that

where

g(z) = 2° Z dp,z*
k=0

is an m-degree polynomial (m < n) having all zeros in Sy UR; , Il <1, and a zero of multiplicity s
at the origin. Then, for every complez o, |6| < 1, and z € S,

1

q(z)‘ > %{|V’(z)| 1 (5(25 —n)+2m —n+ 2(m — s)sw)) }|q(z)|.

/ (m — S )5
2q'(2) + Y
In this paper, we first establish a refined inequality of Theorem 6 by including certain coefficients
of the polynomial, and then discuss Theorem 4 due to Mir et al. [7] using counterexamples that
they claim improve the bound given by Theorem 3. The paper is organized as follows. Section 2
presents the main result, some remarks, and corollaries. In addition, we discuss the result due to
Mir et al. [7]. Section 3 presents some auxiliary results necessary to establish the main result.
Section 4 provides a proof of the main result. Section 5 concerns the conclusion.

2. Main result and discussion

Here, we present the following result concerning rational functions, which generalizes and sharp-
ens the polynomial inequality of Turdn [9].

Theorem 7. Let

q(z) = w(2) € Ry,
where
g(z) = 2° Z dp,2*
k=0

is an m-degree polynomial (m < n) having all its zeros in S;UR; , 1 < 1, and a zero of multiplicity
s at the origin. Then, for every complez 0, |6| < 1, and z € Sh,

9%;%%u>z§@wun+;}5

+m<V”;¥§%%igwa>+2mr—Q%wQ}mu»

2q'(2) +

<l(28—n) +2m—n
(2.1)

Remark 1. Since the zeros of the polynomial

9(2) — k
h(z) ==~ = diz
o k=0
are in S U R, [ <1, we have
dm—s - ’
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which is equivalent to
VI8 dp—s| > /|do]. (2.2)

On the right-hand side of inequality (2.1) of Theorem 7, there is an extra term contributed by

the quantity
2l<\/lm S|dyp—s| \/|d0>
/lm s|dm s|

which in view of (2.2) is nonnegative, and hence Theorem 7 refines Theorem 6.

Taking § = 0 and m = n in Theorem 7, we obtain the following interesting result, which gives
a generalization and an improvement of Theorem 5 due to Li et al. [6], and an improvement of the
result established by Akhter et al. [1, Corollary 2.2].

Corollary 1. Let

where
n—s
z) =2° Z dp 2"
k=0

is an n-degree polynomial having all its zeros in Sy U R, | <1, and a zero of multiplicity s at the
origin. Then, for z € Sy,

Id' ()] > = {|V( )|—|—?<2l5—|—n(1—l —|—2l< ' ln\;%@))}m&ﬂ

Moreover, taking [ = 1 in Theorem 7, we obtain a result that improves the known result
[1, Corollary 2.4] obtained by Akhter et al.

Corollary 2. Let

where
m—s
z) =2° Z dp,z*
k=0

is an m-degree polynomial (m < n) having all its zeros in S1 U R{ and a zero of multiplicity s at
the origin. Then, for every complez 0, |0| < 1, and z € Sy,

&)+ U0 2 {1+ s + (V’dw ) + m = 5)%(6) fa(2)

Next, the claim that the bound in inequality (1.2) of Theorem 4 proved by Mir et al. [7]
sharpens the bound in inequality (1.1) of Theorem 3 due to Aziz and Shah [2] follows in the case
when the quantity

< ! <ydoy—zmsydm_sy>_ sl _2m—n(1+l)>_A

14+1 \|do| + 1™ 5|dpm—s| ] 1+1 2(1+1)

on the right-hand side of inequality (1.2) of Theorem 4 is nonnegative. But this is not always the
case, as the following counterexamples illustrate.
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Ezample 1. Let ¢ € Rg, where g(z) = 23(2% — 22 + z — 1) has the zeros {1,i,—i} on |z| = 1
and the remaining zeros at the origin. It can be easily seen that this polynomial gives A = —1.5 in
Theorem 4.

Ezample 2. Let q € Rs, where g(z) = 23(22 — 4) has the zeros {—2,2} on |z| = 2 and the

remaining zeros at the origin. For this polynomial, we have A = —1.1666.

3. Lemmas

We must incorporate the following lemmas into our proof to demonstrate the theorem. Aziz
and Zargar [3] established the first.

Lemma 1 [3]. If

ﬁ (1 —7k2>
k1 Z =Yk

SEC) R

then, for z € Sy,

2

Lemma 2. [f0<a<1,0<b<1,and0<1<1, then
2
= >1+1Wb—1Vab.
1+a

Proof. Fora=1, the inequality follows trivially. So, take a < 1, then

—1+\/5>12l\/5;
1+a
that is,
1—a
b—1
o >l\/— f = Vb —1Vab
Hence,

2
= > 1+IVb—IVab.
1+a

The following lemma we prove is a generalization of a finding by Singh and Chanam [8].

Lemma 3. If g € P, (n > 1) has all its zeros in Sy U R, , | < 1, then, for z € Sy such that

9(z) # 0,
& V] — /T
§R<ZL(Z](Z)> > 1+l{n+ ( L 0 >} (3.1)

Remark 2. As the abstract mentioned, for [ = 1, this lemma reduces to Lemma 2 of Singh and
Chanam [8].

P r o o f. For simplicity, suppose that d,, = 1. We apply mathematical induction on the degree
of g(z).
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If n =1, then g(2) = z — 20, 20 € S;U R, and, for z € Sy and z # 2y, we have

§R(Z‘(‘ZJ/((I’JZ))) - §]CE(?’—ZZo) - 1+1|Zo|.

By basic computation, we can show that, for zo € S;U R;",

L .1 {1+l(%>}.

1+|Zo| — 141

9(2) 1 Vi— Iz
R(-6) 5 L fy (A=)}
9(z) ) ~ 1+ Vi
which is inequality (3.1) for n = 1.
Suppose that (3.1) holds for all polynomials of degree < M.
Let g(z) = (2 —w)G(z), w € S;U R, where

So,

M
G(z) = Z dp,2*
k=0
is a polynomial of degree M having all its zeros in S; U R;", then

%@(())) :%<z—zw> ”‘*(Zg((f))) > et 1iz{M+l<%>}

for all z € Sy such that g(z) # 0.
It is required to show that, for z € S,

Clearly, inequality (3.2) holds if

! +L{M+Z<W——\/W>} > L{MHH(\/ZMH _ ‘/‘wudo‘)},

1+ |wl  1+1 VIM ~ 141 N
which is equivalent to
L+ do] \/rwudor
>14+ 0 = —1 . 3.3
e~ VM (ML (3:3)
As the zeros of g(z) are in S;U R, and
0<i<1, US@SL OSh;—lﬁl,
by Lemma 2,
2 |do] |w||do|
>14+U1 = —1 . 3.4
T+~ TV [T (34)
Also,
1+1 21
> . 3.5
L+ |w| = 1+ |w| (3:5)

From (3.4) and (3.5), inequality (3.3) follows, and this proves Lemma 3. O
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4. Proof of the main result

Proof of Theorem 7. Since

q(z) = z;fé;) € R,
where .
h(z) = dy, ¥,
k=0
for every complex 4, |§| < 1, we have
2¢'(z)  (m—s)d . zh'(z)  zw'(z) | (m—s)d
q(2) 1+1 h(z) w(z) 1+1
Equivalently,
2q¢'(z)  (m—s)0\ . zh'(2) zw'(z) (m — s)R(9)
R ) e () R ()

Specially for z € S1, using Lemmas 3 and 1, we have

e( ) e e ()
(2 | oo o
2 1+1

_ %{|V’(z)| + 1Lﬂ(l@s —n) +2m—n+2l<%:{m> +2(m — s)éR(cS)> }

from which it is obvious that

(m —s)d
17“(1(2)‘

> %{|V’(Z)| + ﬁ(l@s —n)+2m—n+2l <\/ lm&w> +2(m — 5)%(5)>}|q(z)|

This proves Theorem 7. U

2q'(2) +

5. Conclusion

This paper investigates the bounds of the derivative of a class of rational functions on the unit
disk while considering the contribution of certain coefficients of the underlying polynomial. We
also discuss the result by Mir et al., recently published in the Ural Mathematical Journal, using
some counterexamples.
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