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INEQUALITIES FOR MEROMORPHIC FUNCTIONS
WITH PRESCRIBED POLES

M.Y. MIR, W.M. SHAH, S.L. WALI

Abstract. The extremal problems for functions of complex variables, as well as approaches
for obtaining classical inequalities on the base of various methods of the geometric function
theory, are known for various norms and for many classes of functions such as rational
functions with various constraints and for various domains in the complex plane. It is
important to mention that different types of Bernstein-type inequalities appeared in the
literature in more generalized forms in which the underlying polynomial was replaced by a
more general class of functions. One such generalization is the passage from polynomials to
rational functions. In this paper, we prove some inequalities for meromorphic functions with
prescribed poles and restricted zeros. These results not only generalize some Bernstein-type
inequalities for rational functions, but also improve and generalize some known polynomial
inequalities. These inequalities have their own importance in the approximation theory.
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1. INTRODUCTION

Let P, denote the class of all complex polynomials P(z) := chzj of degree at most n.
=0
Assume that D, represents the set of all points which lie inside T}, := {z : |z| = k} and D, is
the set of the points which lie outside Tj. Concerning the estimate of |P'(z)] in terms of |P(z)|
for z € T}, Bernstein [I] proved the following that if P € P, then

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

The result is sharp and the equality holds for the polynomials of the form P(z) = az",a # 0.
This inequality can be sharpened under additional conditions on the zeros of P(z). In fact, if
P(z) # 0 in Dy, then

) n
< = .
max [P'(z)] < 5 max|P(z)], (1.1)
whereas if P(z) # 0 in D", then (1.1]) can be replaced by
) n
= — . .
max |[F(z)| > 5 max|P(z)] (1.2)

Both these inequalities are sharp and equality in each case holds for the polynomials of the
form P(z) = az" + b, where |a| = |b|.
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Inequality (1.1)) was conjectured by Erdés and latter it was verified by Lax [2], whereas
inequality (1.2)) is due to Turdn [3]. Both these inequalities were generalized by Malik [4] as
follows: if P(z) is a polynomial of degree n, which does not vanish in D, , where k& > 1, then

f n
< — i
gllgf\P (2)] < HkllglglP(Z)l (1.3)

and if does not vanish in D;, k < 1, then

n

P’ > — P(z)|. 1.4

max [P(z)] > g max|P(z)] (1.4)

These inequalities were refined and generalized by various authors (for the references see [5], [6],

[7]) for the operators besides the ordinary derivative and in some cases underlying polynomials
were replaced by a more general class of functions.

For a polynomial P(z) of degree at most n, the polar derivative with respect to a point a € C,

denoted by D, P(z), is defined as
D,P(z) :=nP(z) + (o — z) P'(2).

Here D, P(z) is a polynomial of degree at most n — 1 and it generalizes the ordinary derivative
in the sense that
D.,P
jim 2o P12)
o] =00 . — 2

Aziz [8] extended inequality (I.1)) to the polar derivative of a polynomial and proved that If
P(z) is a polynomial of degree n, which does not vanish in D, then for every real or complex
number « with |o| > 1 and for z € T} U Dy

= P'(z2).

max |D,P(z)] <
z€Ty

|3

=l q P(2)].
(Jaz"""| + )g'éag\ (2)]

In the same paper Aziz proved that if P(z) is a polynomial of degree n, which does not vanish
in D, ,k > 1, then for every real or complex number o with |a| > 1,

k
mz%X]DaP(zﬂ < n<ﬂ> max |P(z)]. (1.5)
zell
Shah [9] extended inequality (1.2)) to the polar derivative and under the same assumption
observed for every a € C, with |a| > 1 that

12D, P(2)| > g(|a] —1)|P(2)], for z€Th.

These results were further extended and generalized in various ways by various authors (for
references see [10], [11] ).

R. P. Bose proposed to obtain Bernstein-type inequalities for the rational functions instead of
polynomials and accordingly over the past few decades, many inequalities for rational functions
were established and also used in rational approximation theory. In particular, during the last
few decades Bernstein-type inequalities for polynomials were extended to a class of rational
functions R,,, where

P(z)
w(z)

R =Rulag,...,an) ::{ :PEPn,w(z):H(z—aj)}

Jj=1
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with poles aq, as, ..., a, and with finite limit at infinity. We observe that the Blaschke product
B € R, where

with

and satisfying |B(z)| = 1 for z € T;. Through out this paper we assume that all poles
ai,Qo, ...,y lie in DY

Li, Mohapatra and Rodriguez [12] obtained Bernstein-type inequalities for rational functions
r € R, with prescribed poles oy, as, ..., a, replacing z" by B(z). In particular, they proved
that if all the zeros of r € R,, lie in Ty U D, then for z € T}

1
()] < SIB' )l (2)]- (1.6)
The result is sharp and equality holds for the rational function
r(z) = aB(z) + b, |a] = [b] = 1.

In the same paper they proved that if all the zeros of a rational function r € R, lie in 77 U D7,
then for z € T}

1
()| = SIB' ()]l (2)]-
The result is sharp and equality holds for the rational function
r(z) =aB(z) +b with |a|=]b]=1.

These results were further improved and generalized in various ways from time to time, see
[13], [14], [5]. In this paper we prove some results which generalize the known inequalities for
rational functions and thereby deduce generalizations of the known estimates for the maximum
modulus of the polar derivative as well as the derivative of a polynomial on the disk.

2. MAIN RESULTS

We first prove the following comparison inequality, which gives a rational analogue of a result
due to Dewan et al. [15].

Theorem 2.1. Ifr € R, has all zeros in T}, U D, ,k < 1, then for every B with |B| < 1, and
for z € Ty, we have

zr'(z) + b <|B’(z)| + 2m — n(1 + k)>r(z)

2 1+ k

IG] , f2m —n(l+k)| .
1+ 2 Z f .
(+2 A T

Here m < n denotes the number of zeros of r(z).

Remark 2.1. For k = 1 and m = n, Theorem reduces to a result due to Hans, et al.
[16, Thm. 1.
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If in Theorem [2.1] we assume that 7(z) has a pole of order n at z = «, |a| > 1, then we can
write

so that

Also we have in this case

This gives
n(l —az)" Yla* - 1)
(z —a)rtl

Using these facts, we immediately get from Theorem for z € Ty
—zD.P(z) f (Qm —n(l+k)

B'(z) =

n(l—az)" (la* - 1)

P(z2)
(z —a)

(z =)™t 2 1+k G—a)y+
(it gt
This gives
St (it o)
g (1+§) ngia'j | R e ol mip IR

Therefore from Theorem we have the following corollary.

Corollary 2.1. If all zeros of a polynomial P(z) lie in T, UD, , then for every o with |a] > 1
and B with |5 < 1, we have for z € T}

—2D.P(z)  B{2m—n(1+k) |n(la*-1)
‘ z2—« +§< 1+k (z — a)? )P(z)‘

B\ |nlal =1)|  B2m—n(+k) o 1P|
> <1+§> (z — a)? 2 1+k [z =« 561%3]2—047“

If in Corollary 2.1 we let |a| — oo, then we have the following statement.

Corollary 2.2. If all zeros of a polynomial P(z) lie in T, U D, , then for 5 € C with |3] < 1,
we have for z € T}

2P'(2) + m—ﬁP(z)

mp
1+ k ne

>
1+k

min |P(z)].

ZGTk

By taking m = n,k = 1 in Corollary we get a result due to Dewan et al. [15].
We next prove the following generalization of a result due to Li [13].
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Theorem 2.2. Let r,s € R,, and assume that all zeros of s(z) lie in T, U D, , k < 1. If
r(2)| < |s(z)|, for z € T, (2.1)

then for every real or complex number § with |G| < 1 and for z € T}

2r'(2) + p <|B'(Z)| + 2m —n(l+ k)>r(z)

2 1+ k

(2) +§(|B'<z>\ M S k>>5<z>’,

<
1+k

where m < n are the zeros of s(z).

Remark 2.2. A result recently proved by Mir [14, Thm. 3] follows from Theorem once

we take m = n. Also for k =1 and m = n, Theorem reduces to a result due to Hans, et
al[16, Thm. 2|.

If s(z) = B(2)||r||, where ||r|| := sup |r(z)|, then from Theorem we get the following
z€Th
corollary.

Corollary 2.3. Let r € R, then for every real or complex 5 with |5| < 1

(2) +§<|B'<z>r oy ’”)mz)

1+k
BN\, . B2m —n(1+ k)
(145 )en+ 5500 swp o

We also prove the following theorem.

Theorem 2.3. Ifr € R, then for € C with |B| < 1,
2m —n(l1+ k
ar'(2) +§<|B’<z>| yamont >>r<z>'

1+ k
) 2m —n(l + k
2r*(z) + g <|B’(z)| Il n(l+ )>r*(z)|
o} , 2m —n(1+ k)
—I||B
v (1o A5 ) s o,
Remark 2.3. For k=1 and m = n, Theorem reduces to a result due to Hans, et al.|16]
Thm. 3|.

_|_

1+k
< < (1 + §>|B’(z)\ + ngTﬁf k)
for z € Ty, where r*(z) = B(z)r(%)

We consider » € R,, having all its zeros in T, U D,k < 1 and let m’' = inzf |r(z)|, then
z€Ty,

m’ < |r(z)| for all z € Ty,. By Rouche’s theorem for some complex ¢ with |§| < 1 all the zeros
of R(z) =r(z) —dm/ lie in T}, U D, and therefore all the zeros of

S(z) = B(z)R(%) o (2) — S/ B(2)
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lie in T}, U D, . Therefore from Theorem we get

2m —n(l+ k)
1+k

2r'(2) + g <|B/<Z)| + ) (r(z) —om’)

(¥ (2) 5B ()m) + (\B’(z)\ yamonit ’“>> (r*(2) ~ 3B(:)m) |

<
1+k

This in particular gives for z € T}

() + 2 (\sz)‘ 2mon(ls k))r(z) ) g5m,(|3,(2)‘ L 2m (14 k>>‘

1+E 2 1+Ek

2m —n(1 + k)
1+k

<

2 (2) + g <|B'(z)| + )T*(Z) — 62B'(2)m’

_B
2

- Ao 2m —n(1 + k)
dB(z)m <|B(z)|+ T r )'

Now dividing both sides by B(z) and using the fact that for z € T}

_ B'(2) _
BEI=1 oy =BG
we get
)+ ('B'<Z>' v 2 k>)r<z> Do <|B'<z>| y2moned ’“>>
el 0+ S0 (o (1 2) - G202 o

Choosing suitably the argument of § in right hand side of above inequality and letting |§| — 1,
we get

(2) +§(13'<z>r v

1+ k
|ﬁ| ! 2m—n<1+k) /
—( —7<|B(z)|+ T h ))m

2m —n(l+k
(1+£)|B’(z)|+§ ( )
Now combining (2.2)) and ({2.3)), we have the following corollary.

2m —n(1 + k)
11k )“@|

<

~

2 1+k
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Corollary 2.4. Let r € R,, has all zeros in T, U D" k < 1, then for B € C with |3] < 1, we
have for z € Ty

2r'(z) + g (!B’(z)] + 2m _12_(;4_ k>>r(z)‘

< %( (1 + §> B4 S C IR 1 <|B'<z>| + Qm]ﬁm)) "l
_ 1(‘(1 + g)IB’(Z)I + gzm_n(Hk)

+

|ﬁ| / 2m_n<1+k) /
2 e G R )

By taking m = n,k =1 and g = 0, Corollary reduces to a result due to Aziz and Shah

[19, Thm. 3].
If we assume that r(z) has a pole of order n at z = a, |a| > 1, then

so that
—D,P(2)
/ . «
r'(2) = (z — a)n+l’
Using the same procedure as in Corollary 2.1, we get from Corollary 2.4]for z € T} the following
statement.
Corollary 2.5. Let P € P, has all zeros in T;; U D;", k < 1, then for any o with || > 1 and

B with |5] < 1, we have
P(z)
(z—a)"

n(l—az)" (la]* — 1)

—zD,P(z) B 2m—n(l+k)
(z—a)+l 2 1+k (z —a)ntl
1 BN\ |n(l —az)" o> -1)| B2m—n(l+k)
gi(‘(l—i_g) (z — a)ntl 2 1+k
Bl |In(1—az)"Y|af =1)]  2m—n(1+k) P(z)
+§< (z — a)nt! * 1+ k ))rzrg%( (z —a)"
1 B\ [n(1—az)" a?=1)| B2m —n(l+k)
_§<<1+§) (z —a)ntl 2 1+k
B @( n(l—az)" (o ~ 1) , 2m —n(l+ k))) | P
2 (z — a)ntl 1+k 2Ty | (z —a)"|

In Corollary [2.5 if we make |a| — oo and on simplification, we get the following corollary.

Corollary 2.6. Let P € P, has all zeros in T, UD;  k < 1, then for 3 € C with |5] < 1 and
for z € T the following inequality holds:

P(a) + 1P| < %((n + 5+ al) ) max P(o)

= (1 + 4tma = nloD) genTrgP(zn).
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By taking 5 = 0,m = n and k = 1, Corollary [2.6] reduces to a result due to Aziz and Dawood
[17, Thm. 2| .

3. LEMMAS

For the proof of these results we need the following lemmas. The first lemma is due to Li,
Mohapatra and Rodgriguez [12].

Lemma 3.1. Let A and B # 0 be two complex numbers, then |A| = |B| if and only if
A # vB for any complex number v with |v| <1 .

The next lemma which we also require is due to Aziz and Shah [I§].

Lemma 3.2. Suppose r € R, be such that all the zeros of r(z) lie in T}, U D, , k < 1, then
for z € T,

wwn>§@3@ﬂ+%”zfz+“>wau 5.)

where m s the number of zeros of r, with m < n.

4. PROOFs OF THEOREMS
Proof of Theorem 2.1. If r(z) has any zero on T}, then injf |r(2)| = 0 and the statement be-
FASH AN

comes trivial. Now we assume that r(z) has all zeros in D, . If m' = ian |r(z)|, then m' > 0
EASHAN

and |r(z)] = m' or z € Ty. Also |B(z)| < 1 for z € T} (see |5, p.40]), therefore |B(z)| < 1 for
z € Ty, k < 1. Hence, for each complex ¢ with |§| < 1, by the Rouché theorem we see that

F(z) =r(z) — ém'B(z)
has all zeros in D, . Applying Lemma to the rational function F' € R,,, we get

vwwﬂ>§oﬂwﬂ+””]§;+@>wa»

Since F(z) = r(z) —dm'B(z) # 0 in T, U D;f, therefore for each complex number 3 such |3| < 1
by Lemma |3.1| we get:

2 1+k
—ar(2) + 2 (lB’(z)\ p2monllt k>>r(z)

T(Z) I:Z(T/(Z) i 5m'B’(z)) + 5 <|B/(2)| i 2m — n(l + k’)) (T(Z) i (5m'B(z))

T4k
_ 5{23'@) + §B<z) (!B'(z)\ L 2mon(t k>> }m’ 40

1+ Ek

in T;, U D}, In particular, for |§| < 1 we obtain

§QB@M+””]T2*“)N@

This completes the proof of Theorem [2.1] O

2r'(2) +

WV

<1+§)|B,(z)’+§2m—n(l+k)




134 M.Y. MIR, W.M. SHAH, S.L. WALI

Proof of Theorem 2.2. Since s(z) has all its zeros in T, U D, k < 1 and |r(z)| < |s(z)] for
z € Ty, by Rouché theorem for |A\| < 1 we see that A\r(z) 4 s(z) has the same number of zeros
in T, U D, as s(z). Hence, applying Lemma for z € T} we get

2m —n(1+ k)
1+k

200(2) + ()| > §(|B’<z>| + ) r(2) + ()]

Since (Ar(z) + s(z)) has no zero in T}, U D;", by using Lemma [3.1] for every real or complex 3
with |B] < 1 we get

4M«@+y@»+§oyun+%”1T2+m>@m@+s@»¢0

This implies that

A (zr’(z) + g <|B'(z)| + 2m _11(;4_ k))r(z)>

4 (zs'(?:) 2 (IB'(2)| p2monllt ’“))s@)).

1+k

In particular, for each\ with |A| < 1 and for z € T} we get

m«@+§Qme+2m_”“+@)m@<:wua+503@n+2m_”“+“>g@.

1+k = 2 1+ k

This completes the proof of Theorem [2.2] O

Proof of Theorem 2.3. Let M = sup |r(z)|, then |r(2)| < M for z € T}. Therefore, for |y| > 1,
zeT
the function

G(2) = BEH(Z) =7*() - 7B()M

has all its zeros in T U D, . Applying Theorem [2.2| to the rational function G(z) which has m
zeros and n poles, we get

zﬁuy+§03@ﬂ+2m_”“+@>H@)

<

() + 5 (\B%z)r y 2monls “)G<z>|.

1+k 1+k
This gives
2m — n(l + k 9m — n(l + k
)+ DB )+ 2 )§r<z>—v§<\3'<z>|+ m—nll + )>M‘
2m —n(l+k
< o)+ BB )+ 2R (4.1)

—7&3%&+§<B%@B@)+%HET2+MBQOA4

N
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Now choosing suitably the argument of 7, which is possible by Corollary from inequality
(4.1) by using triangle inequality in the left hand side we find

2m —n(l+k
Srlp e+ G S - B e

< |3+ 2 <zB'(z) L 2monlth) B(z)) ‘M

2m—n(1—|—k)

2r'(2) + 1+ k

= 2 1+k

B @I () +

B2m —n(l+k)
2 1+k

— Il|ar(2) +

r*(z)'.
Letting |y| — 1, we get

2m —n(l+k
LB () + 2D

2r'(2) +

r(z)

()4 DB () + T2 R, <z>'

14k
2m —n(l+k
< (’g‘ |B + ]B’(z)|+§<\3/(z)]+ ( ))DM,
for z € T}. This allows to conclude that, for z € 77,

14+ k
2r'(2) + g (|B’(z)\ + 2m _12_(2—’_ k>>r(2)'
, ﬁQm—n(l—i-k) .
(err Jam ol )uz)‘

< ('gH|B’(z)| + 2m — n(l +k)‘ +‘(1 + §)|B'(z)| + §2m_n<1+k)‘>M.

+

2m —n(1 + k)
1+k

+ zr*/(z)

MIQ

1+ k 1+k
This completes the proof of Theorem [2.3] O
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