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1. Introduction and proof of the main theorem. A result of S.
Bernstein [4] is the following.

THEOREM A. // p(z) is a polynomial of degree n such that
[max \p(z)\, \z\ = ΐ\ = l, then

(1) [max|p(s)|, \z\=R>Y\<R\

with equality only for p(z) = λzn, where U| = l.

We propose to show here that if we restrict ourselves to poly-
nomials of degree n having no zero within the unit circle the right
hand member of (1) can be made smaller. In particular we have the
following result.

THEOREM 1. // p(z) is a polynomial of degree n such that
[max|p(£)|, |2| = 1] = 1, and p(z) has no zero within the unit circle, then

with equality only for p(z) = (λ + μzn)j2, where \χ\ = \μ\ = \.

In order to prove Theorem 1 we use a conjecture of Erdos first
proved by Lax [2] (See also [1]).

THEOREM B. If p(z) is a polynomial of degree n such that
[max 130(2)I, |2| = 1] = 1, and p(z) has no zero within the unit circle, then

Turning now to Theorem 1, let us assume that p(z) does not have
the form (λ-\-μzn)l2. In view of Theorem B

(2) \pf{e^)\^n

o , 0<^<2ττ,
Li

from which we may deduce that
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(3) | p ' ( r ^ V

by applying Theorem A to the polynomial pr{z)j(nj2) and observing that
we have the strict inequality in (3) because p(z) does not have the form
(λ + μzn)/2. But for each φ, 0 ^ < 2 τ r , we have

p(Retφ)-p(eiφ)= Γeiφpf\reiφ)dr .

Hence

R \p'(re^)\dr<^ Γr^dr = ̂ A ,
Ji 2 Ji 2

and

Finally, if p(2;) = (/ί + 1ί/2M)/2, U|==l, then

As a corollary of Theorem 1 we may deduce

THEOREM 2. 7/ p(z) is α polynomial of degree n ivith real co-
efficients having all zeros of nonpositive real part and if for some

2

k a nonnegative integer, then p(z) has at least (&4-1) zeros in

Proof. Suppose p(z) has m zeros in | z | < l and m^fc. Let

P(Z) = (Z-Z1) •(z-3OT)(3-S,n+i) -(Z-Zn) ,

and suppose | ^ j | < l , O ' = l , - - ^ m ) . P u t

flf(2)==(2-2i) (j2J-2TO)

and

The polynomials p(^), g(z) and ^(z) have positive coefficients, hence for
all
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and

according to Theorems A and 1 respectively.
Thus

2

a contradiction, establishing Theorem 2.

2 The converse problem. The converse of Theorem 1 is false as
the simple example p(z) = (z-\-i)(z-i-3) shows. However, the following
result in the converse direction is valid.

THEOREM 3. // p(z) is a polynomial of degree n such that

and

for 0<7?—1<C^> where δ is any positive number, then p(z) does not have
all its roots within the unit circle.

For the proof we need the following

LEMMA. If

ivhere | Z J | < 1 , O'=l, β , ^ ) , then if \a\ = l we have

q'{a) ^ m
q(a) 2

Proof. According to Laguerre's Theorem [3, p. 38]

q'{a) ^ m
q{a) a-w '

where | ^ | < 1 , hence \a — ιv\<^2 and

We turn now to the proof of Theorem 3. Suppose p(z) has all its

zeros in M < 1 . Let
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p(z)=ao-ha1zA Λ-anz
n ,

put

p(z)=ao-ha1z-] Λ-anz
n

and consider the polynomial g(z)=p(z)p(z) of degree 2n. g(z) is real for
real z,

[msix\g(z)\, \z\ = ΐ]=g(l)=l ,

)
2/

and g(z) has all its zeros in |s|<[l. Now g'(l) is not only real but
positive. This is so since, given any ^>0, we have g(l — ̂ )<^(1). Hence

Now #'(l)=£0, as all of the roots of g(z)==0 are inside the unit cir-
cle, hence, by Lucas' Theorem all roots of g'(z)=0 are within the convex
closure of the unit circle namely the unit circle itself.

Given any ε>0, sufficiently small,

or

\g(l + e)-g(l)\<ne + O(e>) , as ε->0

and ^ ( l ) ^ ^ . Therefore ^/(1)/^(1)^^ contradicting the lemma. Theorem
3 is established.

REFERENCES

1. N. deBruijn, iTiequalitίes concerning polynomials in the complex domain, Nederl.
Akad. Wetensch. Proc. Ser. A, 50 (1947), 3-10.
2. P. D. Lax, Proof of a conjecture of P. Erdδs on the derivative of a polynomial, Bull.
Amer. Math. S o c , 5 0 (1944), 509.
3. M. Marden, The geometry of the zeros, Math. Surveys, 3, Amer. Math. Soc, New-
York, 1949.
4. G. Pόlya and G. Szegό, Aufgaben und Lehrsdtze aus der Analysis, New York, 1945,
vol. I, p. 137, Problem 269.

THE JOHNS HOPKINS UNIVERSITY



../../../FrontMatter/paper.pdf



Pacific Journal of Mathematics
Vol. 5, No. 6 , 1955

Nesmith Cornett Ankeny and Theodore Joseph Rivlin, On a theorem of S.
Bernstei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 849

Louis Auslander, The use of forms in variational calculation . . . . . . . . . . . . . . 853
Paul Civin, Abstract Riemann sum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 861
Paul Civin, Some ergodic theorems involving two operator . . . . . . . . . . . . . . . . 869
Eckford Cohen, The number of solutions of certain cubic congruence . . . . . . 877
Richard M. Cohn, Specializations over difference field . . . . . . . . . . . . . . . . . . . . 887
Jean Dieudonné, Pseudo-discriminant and Dickson invarian . . . . . . . . . . . . . . 907
Ky Fan, A comparison theorem for eigenvalues of normal matrice . . . . . . . . . 911
Richard P. Gosselin, On the convergence behaviour of trigonometric

interpolating polynomial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 915
Peter K. Henrici, On generating functions of the Jacobi polynomial . . . . . . . . 923
Meyer Jerison, An algebra associated with a compact grou . . . . . . . . . . . . . . . . 933
Wilhelm Magnus, Infinite determinants associated with Hill’s equatio . . . . . . 941
G. Power and D. L. Scott-Hutton, The slow steady motion of liquid past a

semi-elliptical bos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 953
Lyle E. Pursell, An algebraic characterization of fixed ideals in certain

function ring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 963
C. T. Rajagopal, Additional note on some Tauberian theorems of O. Szás . . . 971
Louis Baker Rall, Error bounds for iterative solutions of Fredholm integral

equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 977
Shigeo Sasaki and Kentaro Yano, Pseudo-analytic vectors on

pseudo-Kählerian manifold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 987
Eugene Schenkman, On the tower theorem for finite group . . . . . . . . . . . . . . . . 995
P. Stein and John E. L. Peck, On the numerical solution of Poisson’s

equation over a rectangl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 999
Morgan Ward, The mappings of the positive integers into themselves which

preserve divisio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1013
Seth Warner, Weak locally multiplicatively-convex algebra . . . . . . . . . . . . . . . . 1025
Louis Weisner, Group-theoretic origin of certain generating function . . . . . . 1033

Pacific
JournalofM

athem
atics

1955
Vol.5,N

o.6

http://dx.doi.org/10.2140/pjm.1955.5.853
http://dx.doi.org/10.2140/pjm.1955.5.861
http://dx.doi.org/10.2140/pjm.1955.5.869
http://dx.doi.org/10.2140/pjm.1955.5.877
http://dx.doi.org/10.2140/pjm.1955.5.887
http://dx.doi.org/10.2140/pjm.1955.5.907
http://dx.doi.org/10.2140/pjm.1955.5.911
http://dx.doi.org/10.2140/pjm.1955.5.915
http://dx.doi.org/10.2140/pjm.1955.5.915
http://dx.doi.org/10.2140/pjm.1955.5.923
http://dx.doi.org/10.2140/pjm.1955.5.933
http://dx.doi.org/10.2140/pjm.1955.5.941
http://dx.doi.org/10.2140/pjm.1955.5.953
http://dx.doi.org/10.2140/pjm.1955.5.953
http://dx.doi.org/10.2140/pjm.1955.5.963
http://dx.doi.org/10.2140/pjm.1955.5.963
http://dx.doi.org/10.2140/pjm.1955.5.971
http://dx.doi.org/10.2140/pjm.1955.5.977
http://dx.doi.org/10.2140/pjm.1955.5.977
http://dx.doi.org/10.2140/pjm.1955.5.987
http://dx.doi.org/10.2140/pjm.1955.5.987
http://dx.doi.org/10.2140/pjm.1955.5.995
http://dx.doi.org/10.2140/pjm.1955.5.999
http://dx.doi.org/10.2140/pjm.1955.5.999
http://dx.doi.org/10.2140/pjm.1955.5.1013
http://dx.doi.org/10.2140/pjm.1955.5.1013
http://dx.doi.org/10.2140/pjm.1955.5.1025
http://dx.doi.org/10.2140/pjm.1955.5.1033

