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Abstract

We obtain various refinements and generalizations of a classical inequality of S. N. Bernstein on
trigonometric polynomials. Some of the results take into account the size of one or more of the
coefficients of the trigonometric polynomial in question. The results are obtained using interpolation
formulas.

1980 Mathematics subject classification (Amer. Math. Soc.): primary 26 D 05, 42 A 05; secondary 41 A
17.

1. Introduction and statement of results

Let S(8) = £ __, b,e"™ be a trigonometric polynomial of degree at most n. It is
well known (see [1, page 39] or [4, page 85, Prob. no 82]) that

(1) 5°(8)|< n _max [S(X)|, 6<R.

X<2m
In (1) the equality is possible only if
S(8) = ae™® + be "0 a,beC.
In this paper we obtain certain refinements of this inequality (known after

S. N. Bernstein). As a very special case of one of our results it follows that (1)
may be replaced by

) OP (n—%)oénax s(x)+ LBl g

X<2m 2 ’
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{2] Some inequalities for trigonometric polynomials 217

According to a result of Visser [8, page 85]

3 lb_ol+ 16| < max [S(X)],

ma
<X<2
and so (2) is indeed a refinement of (1).

Here is another special case of our results.

THEOREM 1. If S(8) = X" __ . b,e'™ is a trigonometric polynomial of degree at
most n then
-1

Z mbmeim0

m=-n

-+

n

im6
Y mbe
m=1

<n max [S(X)|, O€R.

O X<2

It is clear that Theorem 1 is stronger than Bernstein’s inequality. But the
following result is even stronger.

THEOREM 1'. If S(8) = X7 __, b,e'™® is a trigonometric polynomial of degree at
most n then, for all R > 1, we have
-1

Y (R - 1)b,e™

m=—-n

+
2

Y (R™"-1)b,e™ < (R"—1) max |S(X)|,
m=1 0<X<2m
feR.

If we divide both sides of this inequality by R" and let R — oo, we see that
Theorem 1’ immediately implies (3). Also, if the coefficients of the trigonometric
polynomial satisfy b_, = b_, 1 < m < n (which is certainly the case if S is a real
trigonometric polynomial), then

R =D max [8(X)),

<
2 0<X<2n

Z (Rm _ l)bmeim0
m=1

for all real # and R > 1.
Theorem 1 may also be refined in another way.

THEOREM 2. If S(8) = X" __, b,e'™ is a trigonometric polynomial of degree at
most n then
-1
_ b . b
im8 Z-n _—-inf _ 0O
Y mbe™ + 5 € 2

m=-n

+

" A b, . b
im@ _ “n _in@ 0
,,.§=1 mb,.e Se"t g

P\

1
(n—i)omax IS(X)|, 6€R.

<X<27

https://doi.org/10.1017/51446788700022485 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700022485

218 Clément Frappier [3]

This result implies that the inequality

’ ~b—n ~inf -b'l ind
(4) S(0)+17e —iye

s(n—l) max [S(X)|, 6€R,
2 o<x<2n

holds for all trigonometric polynomials S(8) = ¥" __, b, e'™ of degree at most n.
The inequality (2) follows from (4). Also, if P(Z) =X _,a jZf is a polynomial of
degree at most n then S(8) = P(cos §) is a trigonometric polynomial of degree at
most n such thatb_, = b, = a,/2" and max,_ y,,|[S(X)| = max_, _,,|P(¢)}; in

that case, the inequality (4) and the triangle inequality show that

) 1P < 822D o o)+ L ix), a1 <x <,

V1 — X2 -lsrs<i n2"

where T,(X) = cos(narccos X) is the nth Chebyshev polynomial of the first
kind. In view of Chebyshev’s inequality [1, page 29]

la,< 2" ' max |P(¢)l,
-1grg1
we see that (5) is a refinement of another inequality of Bernstein, namely

z max |P(t)], -1<X<1.

V1 - X2 -1<ix1

The two theorems stated above will be proved with the help of an interpolation
formula. This latter will permit us to deduce

|P'(X)] <

THEOREM 3. If S(8)= X} b,e™® is a trigonometric polynomial of degree at

m=-n—m

most n then, for all R > 1, we have

-1 n
R™™ — 1)b,e'm*mf 4 R™ - 1)b,e'm ™8
m m

m=-n m=1
o)
n

If S(8) = P(e'), where P is a polynomial of degree at most n, then Theorem 3
implies that (see [2, Theorems 10 and 11))

< (R"-1) max

1<K<2n

R fR.

max [P’ (Z)|<n max |P(eX™/")|.
1Z=1 1<K<2n

THEOREM 3. If S(8) = X" __, b,e'™? is a trigonometric polynomial of degree at

most n then, for all R > 1, we have

n

Y (R"™M—-1)b,e™|< (R"~ 1) max |S(Kn/n)|, 6€R.
1 n

m=-n = &

https://doi.org/10.1017/51446788700022485 Published online by Cambridge University Press


https://doi.org/10.1017/S1446788700022485

{41 Some inequalities for trigonometric polynomials 219

To illustrate this theorem suppose that f is a function of bounded variation,
periodic with period 2. Let S,(f,8) = X" __, C,e'"? be the nth partial sum of
the expansion of fin Fourier series and

o,(f. 9)——ZS(f 0)

m=0

the associated Fejér mean. It is easy to verify that

n

0(f0)= T (1-E)gem

m=-n

Hence, a corollary of Theorem 3’ (obtained by dividing both sides of the
inequality by (R — 1), R > 1, and letting R — 1) shows that

Ko
,0)i< S ( ——) " 0 cR.
(£, O) < | max S, {f, =
Finally, we shall prove
THEOREM 4. If S(8) = X" __, b,e'™ is a trigonometric polynomial of degree at

most n then, for all R > 1, we have

|

-1
Y (R = 1)b,e™| +

m=-n

2
Y (R - 1>bme"m")
m=1

((R" 1), max |S(X)1) fcR.

2

Z (Rnflml _ l)bmeim0

n=-n

It is readily seen that Theorem 4 contains Theorem 1’ and a weaker version of
Theorem 3"

2. The interpolation formulas

Theorems 1’ and 3 are consequences of the following

LEMMA 1. Let S(8) =%, __, b,e'™® be a trigonometric polynomial of degree at

most n, n 2 2,y be any real number and R > 1. Then

(6) e 7 Yi (R™™ = 1)b,e™® + e Z (R™ —1)b,e™

m=-n m=1

ZL ; (-1)*4,(R,v)S(8 +(Km + y)/n),
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where

n—1
(R, Y)=R"—1+2Y (R"7~1)cos j(K7 +y)/n.
j=1

The coefficients A (R, v) are non-negative and

1 2n
(7) T Ag(Ry) = R" 1.
K=1

PROOF. Substituting the expressions for A, (R, y) and S(8 + (K7 + y)/n), we
obtain

37 T D A (RS04 (Km 4 7)/m)

(an- 1) Z Z ( 1) b elm(0+(l(w+-y)/n)
n

K=1 m=-n
1 2n n-1

L1y
k=1

r (_1)Kbm(R"_j = )cos (j( K7 + y)/n)e ™+ Krtr)/m
J -
= (R" - 1)(b_"e-i("0+7) + b,,e“"”*”)

=1 m=-n

2n n-1 n
+ % )> Y (-1)%B,(R"7 = 1)cos (j(Km + y)/n)e O Knrrym,

K=1 j=1 m=-n

since (-n < m < n)

,1_ % ( I)Keml(m'/n_ {1 ifm= +n,
2n 0 otherwise.

Using now Euler’s identity, cos z = e'? + ¢7? /2, we see that

L §; (-1) XA, (R, v)S(8 + (K7 + v)/n)

— (Rn _ 1)(b~"e—i(n9+y) + bnei(n0+y))

n 2n

n—1
21 Z Z Z b (R"_/ p— l)e’mo+'(/+m)Y/n (n+j+m)Kmi/n

Jj=1 m=-n K=1
n—1

1
TR

2
i Z b (Rnfj _ 1)61"’0"'"("'*/)Y/ne('hme/)Km‘/n
m .

m=-n K=1
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[6] Some inequalities for trigonometric polynomials 221
Sincel<m+n+j<3n—-—land - (n—-1)<m+n-—j<2n—1,wehave

2 ) '
1 Zn e(mtn+tNKai/n {1 ifm+n +j= 271,

2n Pl 0 otherwise,
and
2n ; =
l Z e(m+n —-))Kmi/n _ 1 ifm+n J= 0’
2n Pt 0 otherwise (1 <j<n,-n<m<n),
whence

51; 2; (-1)%4,(R,v)S(8 + (K7 + y)/n)

— (Rn _ 1)(b_"e—i(n0+y) + bnei(n0+y))

n—1 -1
+ Z bm(Rm _ 1)eim0+iy + Z bm(R—m _ 1)eim9—i7
m=1 m=—-(n—-1)

n -1
e Y (R"=1)be™ + e Y (R™—1)be™
m=1

m=-n

It

In order to verify that 4, (R, v) > 0, we may use Lemma 2, below.
Finally, the relation (7) follows from (6) if we set S(8) = e'"".

LEMMA 2 ([6, page T5]). If A, > O,A,_; —2X, > 0andX; ; —2A;+ A, >0
forl < j < n, then

>\0+2Z>\jcosj0>o

j=1
for all real 0.

For the proof of Theorem 2, we need

LEMMA 1. Let S(8) = X" __, b,e'™® be a trigonometric polynomial of degree at
most n. Then, for all real v, we have

-1

(8) e i_ 8 — e Y mbe™"

m=-n

Z" % sin{ Ko + v) /2

2
sin(Kw + v)/2n S(8 +(Km +v)/n),
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and
1 2 ( sin(K7 +v)/2
) 2 2|3 ( —n.
2n 2 \sin(K7w +v)/2n

ProoF. If we divide both sides of (6) by (R — 1), R > 1, and let R — 1, we
obtain

n -1

i imb _ -iy im@
e’ Y mb,e! e Y mbe

= EL jY_“ n+ 2ni:1 (n—j)cos(j(Km+ y)/n))S(0 +(K7 + v)/n).

It is then a matter of simple calculations to show that

n—1 . . _ [ sin(K7 +v)/2 ?
n+ 212 (n —j)cos(j(Km +v)/n) = (sin(er + y)/2n)

and we obtain immmediately (8).
The relation (9) follows from (8) if we set S(8) = e/,
The same method as used in the proof of Lemma 1 yields

LEMMA 3. Let S(0) = Z7,__, b,e'™® be a trigonometric polynomial of degree at
most n,n > 2,y be any real number and R > 1. Then

(10) e Zl (R"™ = 1)b,e'™® + Z (R""Im — 1), e

4 el Z (Rm — l)bmeim9
m=1
l n
ey Z A,k (R, Y)S(0 +(2K7 + v)/n).
Furthermore, .

X (=

n
Y A,(R,y)=R"-1.
K=1
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There is a similar formula where the interpolation points are § + (2K ~ 1)«
+ v)/ninstead of 8 + 2Kx + y)/n. More precisely, we have
-1 n
(10) -7 3 (R =1)b,e™ + Y (R —=1)b,e™°

—el Z (Rm _ 1)bmeim0
-1

=% i Ay (R, y)S(0 +((2K — V)7 + v)/n),
K=1

with

X |

n
Z A, (R, y)=R"-1, n>=2.
K=1

If we add the corresponding members of (10) and (10’), we obtain

LEMMA 3'. Let S(8) = X7 __, b,e'™ be a trigonometric polynomial of degree at
most n, y be any real number and R > 1. Then
n ) 1 2n
(1) L (RM-1b,e™ == 3 Ag(Ry)S(8+(Km +)/n).
K=1

m=-n

REMARK 1. Lemma 1’ is due to Szegd [7, page 64]. The particular case y = = /2
of that lemma is a formula known as Riesz’s interpolation formula [5].

REMARK 2. The interpolation formula obtained from (6) by taking y = 0 and
b_,, = 0,1 < m < n, has been used by Giroux and Rahman [3] in their work on
polynomials having a prescribed zero on the unit circle |z| = 1.

3. Proofs of the theorems

Theorem 1 is deduced from Theorem 1’ by dividing both members of the
inequality by (R — 1), R > 1, and letting R — 1.

PrROOF OF THEOREM 1’. Using the formula (6), the triangle inequality and (7),
we obtain
-1 n
e Y (R™=1)be™ + e Y (R™"—1)be™"?
m=1

m=-n
<(R"-1) max [S(X)|,
0 X<27w

and an appropriate choice of y gives us the result.
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PROOF OF THEOREM 2. The formula (8) may be written
-1
e Z mb,e™ — e " Y mbe'™
m=-n

2

3

(_1)"sm2(1<ﬂ +v)/2cosec’(Kn + v)/2nS(8 +(Kn + y)/n)

L
2n

™My IIM

( 1) “sin(K7 + v)/2cot* (K7 + v)/2nS(8 + (K7 + ) /n)
1

N
:!"‘

K

+ smz}'/z i S(60 +Q2Km + v)/n)
k-1

~ Qi;—‘ﬁ S S(04(Q2K - 1)m + y)/n).
o ka1

I

(]

Since

% Y S(0+(Q2Km+vy)/n)=>b_,e "V 4 b, + beinf*n
K=1

and
% Y S(6+(2K-1)7m+y)/n) = _(b—"e—i(n0+7) — by + bnei(n0+y)),
K=1

we obtain the interpolation formula

(12)
] A b, .., b g b b
i im@ _ “n _in@ 01 -iy imé T-n —m0 _ 0
e'’r mz=lmbme ye™ 4} e [mg_nmbe + 5 2
- S (1) s (K + v)/2) cot(Knr + v) /2n)S(6 + (K + v) /).
K=1
In particular, for S(8) = ¢,
2n
1
(13) % Y sin((Kn +v)/2) cot®((Km +y)/2n) = n = 7.
K=1

It follows from (12) and (13) that

I . b, b | d b b
iy im _ m0 hat'] -iy im8 Yen _-~inf _ 70
e [ > mb,e 3 e + — 2 ] e [ " mb,e™ + > € 2 }

m=1 m=-n
2n
<5 & si((Kn +y)/2)e0t(Kn +7)/2n) max [S(X)
K=1

= (7= 3),mex, 5001

and an appropriate choice of y gives us the result.
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PrROOF OF THEOREM 3. Let 6 be an arbitrary real number. Choosing Yy = —nf in
(6) we obtain

-1
Z (R m_l)b et(m+n)0+ Z (Rm___l)b el(m n)é

m=-n m=1

1 2n
<3, KZ=:1AK(R nt‘))1 max |S(K7/n)l|,

<K<2

which, in conjunction with (7) (applied with y = —n#8) gives the result.
PrOOF OF THEOREM 3. Choosing y = —n# in (11) we obtain

i (R ™ — 1)b,e'™ < ZAK(R -né) | max |S(Km/n)|,

m=-n I<K<2
and the result follows again from (7).
PROOF OF THEOREM 4. Put W = eiV(y €R), a=X"_(R"—1)b,e'™, b=

rr__(R"IM — 1)b e'™® and ¢ = (R —=1)b,e™ (8 €R,R > 1).
The formula (10) implies immediately that

m—-n

(14) law? + bW + c| < (R" — 1), max _Is(x)l.

It is known [9] that if P(W)=Cy + C;W + --- + C, W™ is a polynomial of
degree at most m then

(15) 2AClIC, I+ X Iexl” < ( max [P(W)) .
K=0 wi=1

If we apply (15) to the polynomial of degree 2, P(W) = aW? + bW + ¢, which
satisfies, in view of (14),

max [P(W)|< (R~ 1) max 1S(X)],
| <2
we obtain
2 2 2
2lalle +1af’ +[6f° +1el’ < ((R* = 1) max [SC0)I),

which is equivalent to the desired result.
We wish to mention, to conclude, that the choice y = —n# in the interpolation
formula (12) gives us a result which may be compared with Theorems 3 and 3’.
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