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INEQUALITIES FOR A CLASS OF COMPOSITE
POLYNOMIALS

MOHD YOUSF MIR!'* AND WALI MOHAMMAD SHAH?

ABSTRACT. In this paper, we establish some inequalities for a more general

n m
class of polynomials P(S(z)), where P(z) := Zajzj and S(z) := ijzj
§=0 j=0
are polynomials of degree n and m respectively. These inequalities not only
generalize the results due to Dubinin[ J. Math. Sci., 143 (2007), 3069-3076]
but also refine a result due to Shah and Liman [ NFAA, 9(2004), 223-232].

1. INTRODUCTION AND PRELIMINARIES

For each positive integer n, let P, denote the linear space of all polynomials
n

P(z) = Zajzj of degree atmost n over the field C of complex numbers. If
=0
P € P, and P’ be its derivative, then concerning the estimate of Tnax |P'(2)] in

terms of max|P(z)|, we have the following well known result due to Bernstein

|z|=1
[2].
max | P'(2)] < nmzi)f\P(z)L for all z € C. (1.1)

l2l=1 |2|=
Equality holds in (1.1) if and only if all the zeros of P are at the origin. It is
natural to ask what happens to inequality (1.1), if we impose restrictions on the
location of zeros of P. In this connection the following inequalities are the earliest
belonging to this domain of ideas which have a clear impact on the subsequent
work carried forward since then.

If P € P, has all zeros in |z| > 1, then

max |P'(2)] < EIna><:|P(z)|. (1.2)

|z|=1 2 |z|=1

and in case if P € P, has all zeros in |z| < 1, then

max | P'(2)] > = max |P(2)]. (1.3)

|z|=1 2 |z|=1
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140 M. Y. MIR AND W. M. SHAH

Inequality (1.2) was conjectured by Erdos and latter proved by Lax [7], whereas

inequality (1.3) is due to Turdn [12]. Inequality (1.3) was further refined by
Dubinin [5], who with the same hypothesis for the polynomial P(z) = 3 a;2’
j=0
obtained.
1 |an| — fao|
max |P'(2)| > = [ n + ——— | max |P(z)|. 1.4
nax |P/2) 2( oot ) max |PG:) (1.4)

If Pe P, and S € P,,, then we define the composition of polynomials P and
S by (PoS)(z) = P(S(2)), for all z € C. Clearly P oS € P,,,. For such class
of polynomials Shah and Liman [11] proved several results. In particular they
proved:

If PoS € Py is such that (P o S)(z) # 0 for |z| > 1, then for any z with

|z| <1, we have

n —m
|2 max [P(S(z2))],

IP(SE)| = gzl mas

where M’ = max |S(z)].

|z|=1

2. LEMMAS

Lemma 2.1. If P € P, be such that P(z) # 0 in |z| > 1, then

min [P(2) > nmin | P(2)]

The above lemma is due to Aziz and Dawood [1].

Lemma 2.2. If Po S € Py, then for |z| > 1,

(Po8)(2)+(Q0S5)(2) < mmmax |(P o S)(2)],

|2]=1

where (Q o S)(z) = zm”P(Sé)).

z

The above lemma follows from a result due to Govil and Rehman [0].

Lemma 2.3. Let f : E — E be a holomorphic function,where E = {z : |z|<1},
with |f(2)|<1 for all z € E. Assume that there is b € OF, (a boundary of E), so
that f extends continuously to b with |f(b)| =1 and f'(b) exists. Then

| > B
1+1f(0)]

The above lemma is due to Osserman [9] (see also [1], [10]).

|f'(0) (2.1)
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3. MAIN RESULTS

In this paper, we first prove the following generalization of a result due to
Dubinin [5].
Theorem 3.1. Let P(z) := Zajzj and S(z) = ijzj be two polynomials of
j=0 Jj=0
degree n and m respectively, such that (P o S)(z) # 0 for |z| > 1, then for any =z
with |z| <1, we have

z(Po S)'(z) mn — 1 |a, b |
Re > + — —.
(PoS)(z) 2 |anbis | + [ 3200 a;by)

The result is sharp for S(z) = z and equality holds for (P o S)(z) = 2" + X with
Al = 1.

(3.1)

Proof. For P(z) = > a;27 and S(z) = Y b;27, we have
=0 =0

(P oS)(z) =P(5(z))
=a, (bmzm + b, 2 L+ bo)n+
an_l(bmzm + bm_lzm_1 + ...+ bo)nil + ...+ ag

= a, [(g) b ((711) b;;lbm1> e

n

mn
— J _ J _ n
= g c;z?, where ¢y = g a;by, ..., Cmn = ayby,.
j=0

=0

4+ ...+ a1b0 + ag

Let 21, 29, ..., Zmn be the zeros of PoS € Py, so that (PoS)(2) = ¢mn H;Zﬁ(z—zj),
If

1
Q(S(2)) = z""P(S(3)),
then Q(S(2)) has all zeros in |z| > 1. Hence

Flz) = P(S(Z))1 i (3.2)
emiP(s(c)) e

is an analytic function in |z| < 1 with F/(0) = 0, |F(z)| = 1 for |z| = 1. Thus by
lemma 2.3, we have

2

|F'(2)| > T F)

It can be easily verified that

‘F/(O)’ _ |sz‘ _ |Zg:0aj 0|'

iy |anby,|
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This gives,
2|a, bl
J — 7 R (33)
|anby, | + 13250 a;b
. , 2F'(z)
Now by using the fact that for |z| = 1, |[F'(2)| = Fl) (see [8]), we have from
z

(3.2), after differentiating both sides with respect to z

() (M) N (M) — (mn—1).

F(2) (PoS)(z) (PoS)(2)
This implies

2F'(2) :2R6<Z<PO—S>'<Z>> ~ (mn—1).

F(z) (PoS)(z)
That is

Re 2(PoS)(2) _mn—1 N |F’(z)|

(PoS)(z) 2 2
Equivalently for |z| = 1, we get by using (3.3)
Re 2(PoS)(2) 5 M= 1 N ]anbml |

(PoS)(z) 2 |anbi| + 1 25-0 a;b0l

This completely proves Theorem 3.1. 0

Remark 3.2. For S(z) = z, Theorem 3.1 reduces to a result due to Dubinin [5,
Theorem 6.

We next prove the following result, which besides generalizing another inequal-
ity proved by Dubinin [5] improves a result due to Shah and Liman [11].

Theorem 3.3. Let P(z) and S(z) be as defined in Theorem 3.1, such that (P o
S)(z) # 0 for |z| > 1, then for any z with |z| < 1, we have

a, bt | — | S asb)
{mn+| = 15 0

max |P'(S(z))| > L -
|anbis | + 13750 @500

|z]=1 2mM’
where M’ = max |S(2)].

|2[=1

The result is sharp for S(z) = z and equality holds for (P o S)(z) = 2" + X with
Al = 1.

Proof. Since P o S € Py, is such that (P o S)(z) # 0 for |z| > 1, therefore by
Theorem 3.1, we have

Re <—Z<P ° Sy(z)) > (@ 4 bl =120 ajb“) . (3.5)

}Iggf\P(S(Z))L (3.4)

(Po5)(2) 2 2anby| + 1 X5 bl
Also for |z| =1,
o) Q) o (2Po9C)
Pos)(s) | = ( (Po9)() ) (3.6)
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Combining (3.5) and (3.6), we get for |z| =1
! Janbin] =1 325 a;by|
(PS> §{mn f o 0 G iP5 (3)
|anbp,| + | ijo a;byl

Since S(z) is a polynomial of degree m and |S(z)| < M’ for |z| < 1, therefore by
(1.1), we have max |S’(z)| < mM’, for all z € C. Hence from (3.7), we get for
-1

|z
o =1

max | P'(S(z))| >

anb?| — | S0 a;b}
: 2 M/{m“’ 1500
z|=1 m

— Y max |P(S(2))].
b+ 150, ajba|} mexP(5()

This completely proves Theorem 3.3. OJ
Remark 3.4. If we put S(z) = z, then Theorem 3.3 reduces to a result of Dubinin

[5]-

Remark 3.5. Since all the zeros of P(S(z)) lie in [2| < 1, we have [a,b},| >
| > i—0a;byl, showing that inequality (3.4) improves a result due to Shah and
Liman [11].

We now prove some results for the class of polynomials having all zeros outside
the unit disk. In this direction we first prove:

Theorem 3.6. Let P(z) and S(z) be as defined in Theorem 3.1, such that (P o
S)(z) # 0 for |z| < 1, then for any z with |z| > 1, we have

Re 2(PoS) (2) < mn+1 |anbml _ (3.8)
(Po5)(2) 2 |anbi] + 1225 a;b0]

The result is sharp for S(z) = z and equality holds for (P o S)(z) = 2" + X with
Al = 1.

Proof. Let zq, 29, ..., Zmn be the zeros of (P o S)(z), then as in the proof of The-
orem 3.1, we have P(S(2)) = cpn [ 72 (2 — 25),|2j] > 1. Therefore, Q(S(z)) =

zm"P(S’(%)) has all zeros in |z| < 1. Hence

_2Q(5(2)) _ Z”‘"“P(S(%)) s

mn 1— z_]z
P(S(z) ~ P(S() cmnzjljl P (3.9)

is an analytic function in |z| < 1, with 7(0) = 0 and |T'(z)| = 1 for |z| = 1. By
using Lemma 2.3, we have

T(z)

2

T'(2)] > T T0)

(3.10)

where
1 la, b |

|H;n:n1 Zj‘ |Z?=0ajbé|.

7°(0))|
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This gives
2/ 5" ajb}
T'(2)] > |20 & ol (3.11)
|anbl] 4+ 1 225-0 a;b0l
Also from (3.9), we have
2T'(z) 2(PoS(z))
= 1—2Re| ———+——|. 3.12
Ty e( Pos(2) (3.12)
T/
Using the fact |T7(z)| = ZT(E;;) for |z| = 1, we get
L (HPeSY B _mnt1 (1)
(PoS)(z) | 2 2
Equivalently, for |z| = 1, we get by using (3.11)
p (AP _mntt IS0t
(PoS)(z) )= 2 |anbin,| + 127 a;bd|
This completely proves Theorem 3.6. 0

We also prove the following.

Theorem 3.7. Let P(z) and S(z) be as defined in Theorem 3.1, such that (P o
S)(z) # 0 for |z| < 1, then for any z, with |z| > 1, we have

3 abh] — anbr, )
z|= m 1
. |§:%%Hw%WJ<m
=0

Where m’ = lIT|ll_Ii 15(2)].

The result is sharp for S(z) = z and equality holds for (P o S)(z) = 2" + X with
Al = 1.

Proof. We first assume that P(S(z)) # 0 for |z| = 1 and if

Q(S(2)) = 2™ P(S(2),

z

then it can be easily verified that for |z| =1

/ /

[(Q(S(2))) | = |mnP(S(2)) — 2(P(S(2))) |
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This gives by using inequality (3.8) for |z| =1

Q) || a(Pse) [

P(5(2) P(5(2)
o |HPSE)) C [ Pse)
R e R{ mw@>}

n

2 |2 abpl = lanby|
> (mn)® + —Z(P(S(z))) — mn{mn ~ }

P o
(5(2)) |32 b+ b

3=0
n .
212 aibol = lanby|
+ ]ZO : mn.
|2 asbol + landl|
]:

This can further be written as

|52 laath |
(PSP + = mn|(P(S)[* < [(Q(S(2)) |™.

| 22 a;bo| + [anbi,]
j=0

This inequality is trivially true in case P(S(z)) =0 on |z| = 1. By using Lemma
2.2 in the above inequality, we get

n .
| 22 a;bg| — [anby,]
j=0

DO | —

}(P(S(z)))/‘ + (‘ (P(S(z)))/‘2 + mn|(P(S(z))) ’2> < mn(max ‘ (P(S(z))) ‘)

n

‘ ax
1S a;b) + |anbn,| a
7=0

This implies
2 \Q%W—mwm 2
|(P(S(2)) |+ 5 mn|(P(S(2)))]
| ;)ajb(j)l + |anbgz|
=

< (mn)? (max |(P(S(2))) \) +|(P(S(2)))'|" = 2mn|(P(S(2)))'] (max |(P(S(2))) |>.

|z|=1 |z|=1

Now using Lemma 2.1, we get on simplification for |z| =1

3 a;b}| — |anb?,
max | P'(S(2))| < ! {lmn — ’j; e | PSEDE 2]
|2|=1 2m |]Z::0ajbg| + |a,bn| (max } (P(S(z))) |> |2|=1

|2|=1
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This completely proves Theorem 3.7. O

If we put S(z) = z, in Theorem 3.7, then we get the following result.

Corollary 3.8. If P € P, be such that P(z) # 0 in |z| < 1, then for any z with
’Z’ =1,

1 —lan|  |P(2)]?
|2 < 1 - Ll =leal_1PC)
zl=1

2 |ag| + |an| (mz:ul( ‘P(z)|)2 %\i}l{ ‘P(Z){

|2l
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