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INTRODUCTION

For w = 1 the original definition of g-normality given by L. Fejér is the following: an X point
system or matrix is ¢ - normal or normal on [a,b] C R, if for every z € [a, b],

1 —cx(z—x) > 0>0.

Here ¢, = ‘:}—l,/(xk),xk =zpn, € X,k =1,...,n, and w(z) = [[}_;(z — z1). On normal point
systems the kernel of the operator H,(f)(z) = Y7_1(1 — ck(x — xx))l3(z) f(xx) is positive
(nonnegative) and bounded. (Ix(z) = %) In this case L. Fejér and G. Griinwald
proved some convergence theorems in connection with Lagrange-, Hermite- and Hermite-Fejér
interpolation [1], [2]. The classical examples for normal systems, as it is well-known, are the
root-systems of Jacobi polynomials with parameters a, 8 € (—1,0). Our aim is to extend these
results to some wilder classes of functions using the best weighted polynomial approximation
and the connected tools which are given by the developments of the last years.

A motivation of the new definition is the following: with the usual notation of the Hermite
interpolatory polynomial

n n
H,( Zl—ck x — )3 (x Z:U—xk Z(x)f (vr),
k=1 k=1
we can write that

(f (@) = Ho(f, f)(@))w(z) = (f(2) — p(a))w(z) + w(@)Hn(f —p, f =) (2) =

4) = (f@) - p@)ul) + w3 2O

k=1 w(zk)

TE) 2 Foo) (k) — (o) (i) +

tuw(e) S 52 @) ((fw) () — (pw) (21)),

where

_ W (ag) | W)
Cr = — :
W'(zk)  wlzk)
(w is some weight function which is differentiable and positive on (a,b).)

We will call the first sum in the upper expression as weighted Hermite-Fejér interpolatory
polynomial (Hy n(f, ) see Def. 1.), which is equal to the original Hermite-Fejér interpolatory
polynomial (H,(f,z)) for w = 1. This operator has the hoped good properties and is strongly
connected whith some previous investigations of D. L. Berman and P. Vértesi [3], namely if the
basic point system of the original Hermite-Fejér method is the system of the roots of the Jacobi



polynomials qua’ﬂ ) completed by the two endpoints of the interval in question, by —1 and 1,
then for some f for which f(—1) = f(1) = 0 we get that

Hn+2(f, x) = (1 — 1‘2)2H(1_$2)27n (u'f;(a;:)Q)Q,.’B) .

The first attempt to define weighted normal point systems is from I. Joé in 1975 [4]. During the
seventies a lot of results was given on normal systems but in that times weighted interpolation
was not so crucial question as nowadays is.

DEFINITIONS, EXAMPLES
Definition 1 (a,b) C R,w is a differentiable, positive weight function on (a,b), and f is a

function on (a,b). Then for a point system x, = i, € X C (a,b),k = 1,...,n, the weighted
Hermite-Fejér interpolatory polynomial of f whith degree n is

Hyn(f,2) = (1= Cr(a — 1)) (2) f (ar), (1)

where

Cp = O = = =k (2)

We have to note that this operator is called as ”Hermite-Fejér”, because

W($)Hw’n(f,$)|x:xk = w(wk)f(xk)a

(w(@)Hyp(f, 7)) |pmp, =0,k =1,..., 0.

Notation

w is an ”admissible” [5] weight function on (a,b) C R, am(w),by,(w) are the so-called
Mhaskar-Rahmanov-Saff-numbers, that is (@, (w),bn(w)) C (a,b) is that interval where the
norm of a weighted polynomial with degree m, p,,(z)w(z), ”lives”. After these preliminaries

In = (agn_l(w), bgn_l(w)).

Definition 2 (a,b) C R,w is a positive differentiable weight function on (a,b), then an X =

{Z1m,. s Tnn,n € N} C (a,b) is a o(w) -normal point system for some o € (0,1], if for any
neN )
" (1-— — l
w(e) 3 LGB e, 3
k=1 w(z)
1-Ck(z—zk) > 0>0; ze€l,. (4)

A point system is called w—normal if instead of (4) we have that

1-Ck(zr —x) >0; x€l,. (5)

Remarks

(1) If in Definition 2. we have (3) and (4) for certain by-s instead of Cj-s, then we will get
w() (L=by (z—w) I} (2)
w(zp)

0 (w(:c)(l — bi(z — xk))li(fv)> () = 1 (w’(a;k) + w(zy) (—bk + 3(%))) :

w(z) w(zy)

the form of by = C}, directly because has a local maximum in zj, and so

\V]



2m
(2) If (5)( "> 0 on (a,b),m =1,2..., then

is automatically valid because

k=1 w(zk)

and

, /

w(zy)

So by the well-known relation (valid for any function f)

!

Lo -m (1) 0= oo ()™ o

w w \w w

which is nonnegative by the conditions.

(3) From the definition of p(w)-normality, follows that

o wiak) k=1 w(zk)
that is 20)
"B (x 1
0 < w(x) B < - (6)
kz::l w(zg) ~ 0
Examples

(1) (a,b) = (=1,1),w = 1, the root systems of p%aﬁ),a,ﬂ € (—1,0) are naturally g-normal
(0 = min{—a, —3}) in the new sense too.

(2) (a,b) = (—1,1),w(z) = (1—2)*(1+z)?, a, 8 > 0. In this case the root system ofp,({k“’ﬂfy)
is (min(u,v))(w)-normal, where p%a”g are the Jacobi polynomials and u,v € (0,1) arbitrary.
By second remark and [6] we only need to control the sign of the line of (4) in Definition 2 in

the end points of the interval. To computing the expression “:)—,(:Uk), one can use the differential
equation of Jacobi polynomials and so in 1 :

— - —p—v+2
1— g« +a 7 ﬁ+u+xk(a2+ﬂ w—v+ )(1_%) _
1+ x 1—a 1—$k
o +1l4ap(p+v—1)) >
-V v — .
1—|—$k'u TrelH Z M
similarly in —1 :
1
L=Cp(-1—2) = 7——(n—vH+lta(l—p—v) > v

— Tk

(3) (a,b) = R,w(z) = e*" In this case the root system of Hermite polynomials is 1(w)-
normal, namely
1-Cix—z)=1, z€R

(we can use second remark).



(4) (a,b) = (0,00), w(x) = %", a > 0. The positivity of the derivatives in question is valid
[6], so by controling the positivity of the line in Definition 2, we get that the root systems of
Laguerre polynomials with parameter a — p, € (0,1) are p(w)—normal.

In present paper definitions were given in a rather general form, (however these definitions
can be generalised further to weight functions with zeros in the interior of the interval) but now
we deal with the Jacobi case only. Further more we have to mention that our third example is
investigated in [7] by S. Szabd, because from the differential equation of Hermite polynomials
turns out that Cp = 0,k € N, and so

n

Hyn(f, ) Z =Y, (W2, f,z),

which is the so-called Griinwald operator, for which a convergence theorem is proved there.

Definition 3 I = (a,b) C R.

Cuw(l) ={f € C(U)| lim flz)w(z)= lim f(z)w(zr)=0, (7)
Cw((_17 1)) = Cy. (8)

Notations

In the followings we will use the next notations:

(1) ”f”l means the sup — norm of f on I, if I = (—1,1), || fllr = || fIl-
(2) pn ( ) is the orthonormal polynomial to w with degree n,
(3) ¢(z) = V1 — 22, p*(z) = q(2),
(4) E¥(f) is the best weighted approximation by polynomial with degree n, that is
B2 = min (= po)u Q
() ~
EQ(f) == min [|[(f — gpn)w]| (10)
pn€ll,

(6) The Ditzian-Totik weighted modulus of smoothness of f is
h h
(o4 - )

I, =[-1+2h%1-2h%], hel0,1]. (12)

: (11)
Iy,

Qf(fa t)w,oo = Ssup
helo,t]

where

(7) The usual modulus of smoothness is w(f,t) = supj,_y<¢{|f(z) — f(¥)[}-

RESULTS

Theorem 1 [ = (—1,1),w(z) = (1 —2)*(1 + 2)?,0,8 > 0. If X C (=1,1) a o(w) -normal
point system with some 0 < o <1, and if f € Cy, is a differentiable function on (—1,1), with

lim (fw) (x) =0,

|z|—1

then
im [(f = Ha(f, f Nwl|| = 0.



Proof. Since (f ] € Cy, EY (( w) ) — 0, if n — oo. Let u, be defined by
w w

2 (”f) > [ 100) )~ () (w)ldy 2 \f<a:>w<x> - [ ) )iy =

-1 -1

In this case

|f / Z b (0 w) () dy| =

s <18 [ ey + o))

Here 7,41 € II,,41 is a polynomial with degree n+ 1, namely using Rodrigues’ formula [9 (4.3.1)]
we get that

[ 1 P& (2)(1 — 2)*(1 + 2)°da

c(m)pp 7 (@) (1= 2)* T (1 4+ 2) P = (@) (1 - 2)* (1 + 2)” (13)

First of all using that f € C, and the orthogonality of p,gw) on (—1,1) we will prove that

\b(()n)\ — 0 as n — oo.

Indeed if z = 1, we get
1

2By > ’0 - bé")péw)/ w(y)dy + 0,
-1

which was to be proved. Summarizing these results we get that

[(F)(z) — () o >H<c{ (”w))+rbé">péw>mwul}gcw (”;j”) (14)

and
[(Fw) (@) = (rasaw) @) < C{Il(fw) = wnw] + 166" wl | < CEY (”;’j)) (15)

Thus using the reconstruction property of the Hermite interpolation:

wz) 3 27O =T () () — (s ()

k=1 w(@)
<ce (00

I =Ha(f fYwll < 1(F =rusa)wll+ +

H Z - xk) B (fw) (2k) = (rsiw) (z)

where the definition of Q(w)—normality and Remark (3). were used.

(Il - ]1 is the usual Li-norm on (—1,1).)

Theorem 2 [ = (—1,1),w = (1 —2)*(1+2)% a,3>0, f € Cy. If X is a o(w)—normal point
system then
1(f = Huwp(f))w]] — 0 if M — o0.



For the proof we need some lemmas:

Lemma 1 If f € Cy, then .
lim EY(f)=0.

n—-—uoo

Proof.Let ¢ > 0 arbitrary, § = d(¢) such that |f(z)w(z)| < e for |z| > 1 — 4. Let

(o) = 0L ()
q
where W, (x) is a continuous function such that
0 ifx € (-1,-1+%) orze(1-13,1)
U.(z)={ 1 if v € [~1+4,1— 4

linear otherwise

Since g is continuous on (—1,1), thence for any e there exists a polynomial Pn(e) Such that
1ge — Pn(e)ll < &. Thus

[(f = aone))wll < [(f = q9=)wl| + [[(a9e — qPne))wl < e(1 + |lqu]]).

Lemma 2 If x € I, then
w(z)

(f(x) ~ g(x) means that there exists positive constants C,Ca, such that |f(z)| < Ci|g(x)|,
and [g(z)| < Ca|f(2)].)
Proof. Let < 0. (For > 0 the proof is similar.) Because on the given interval

w(x) ( 1+z )ﬁ
w (ac + —h“’éx)) 1+x+ —h‘pz(x) 7
where 3 > 0, it is enough to investigate

1

o h 1=z
1+ 2\ 1+=z

f+(x)

Since f, is increasing, f_ is decreasing, we get that

< fi(=1+2h%) < fy(a) < f4(0) < 1,

[SSRIN )

1< f(0) < fo(z) < fo(—1+2n%) <2
Lemma 3 Let'ye(O,%],—1<a<b<1,

_ _ [ @=a) =2t iz € (a,d)
g(x) = ga,b,v(‘r) = { 0 ifr € [—1, 1] — (a,b)

In this case there exists a polynomial sequence {um}iy— (= {tum}) C I, such that

lg' () (@ = @) = um(2)(z — a)w(@)| < 1 (m), (16)



o) = [ () w(@)dy] < 22(m). an)

Moreover if u,, has the form
Um = Z bkm)pggw )
then
B < 25(m), (18)
where

lim _gi(m) =0,

independently of a,b, (i = 1,2,3).

( {um} naturally depends on a and b.)
Proof. Let

0 if x € [-1,1]\ (a,b)

We will estimate a Ditzian - Totik weighted modulus of smoothness of k(z).

o oy (F (=4 757) (o4 257 =) -

g (@)(x=a)
h(z) = { wow) fife El(“ %)

Q7 (kyt)quwco < sup
hel(0,t]

)
; (x - h«p2(:v)> <$ B h902(x) _ a) ((qw)(g;ljl(?%@)) B (qw)(g;")_(%» N +
mp o [p (o ) @]+ Jr(o- 257 o) -
T CIPT ot 282 g0 1)
— [ 11+ IIT+]1V.

By Lemma 2., the first, the third and the forth terms can be estimated with the original modulus
of continuity of ¢ (z)(z — a) :
I<Ct.

To estimate I1 we have to distinguish two cases: If x — WT(I) € (a,a + h), then we can use

Lemma 2. again and here ¢ (z)(z —a) < Ct7. If . — h‘pT(z) € (a+ h,b), then for some n € (—h, h)

(qu)(z) B (quw)(z) (qu)(z) (qu)’ (x i %(m)) )
(qu) (‘T + WT(I)) (qw) (95 - WT("T)) ‘ =¢ (quw) (:U + @) (qu) (a: N %(IU ho(z)| <
e = " < Chz.

@) ol ) =

We have the same two cases around b,and so the estimations are the same there as well, that is

1T < C¢minn3) < o,



and so
QF (%, t) qu,co = O (17) (19)

According to Corollary 8.2.2 in [8] we can choose a polynomial sequence {p,}, such that
[(k(z) — p(2))(qu)(2)[| = O (n77) . (20)

Denoted by
Qn+2($) = pn(.%')Q(l'),

we will estimate the expression:

‘ / Qn+2(y ) Qn+2( Jw(a )dy .

We have to distinguish two cases again: x € [~1,a +n"3],z € (a +n"3,1].

First case:
g(x) =0 (n_?’V) =0 (™), ifre[-1,a+n7. (21)

and on the same interval

‘/ Qn+2(y ) Qn+2( Jw(a )dy’ <

a1 Quaa(y)w(y) — Qnia(a)w(a) dy| +

-1 y—a

/:c 3 Qni2(y)w(y) — Qni2(a)w(a) dy‘ =1+1I.

y—a
Because of (20) and (21)
I<C/ =0 (n""logn).
Iy - a\
For investigation of IT we have to estimate ||(Qniow) |. Applying [8, (8.1.3.)] to W = gw, we
get that
/ ’ / ’U),
1(Qui2w) | < C | llpngwlir, - + llpng wllr, -y + pn (a7 | w <
I,
q/ w/
¢ (nllpncp(ﬂc)w||1rn1 + ||Pn—qw + ||Png—w ) <
q w
I, I,
C|lpnqwl] n‘ € v < Cn?*77,
() I b -1 i -1
that is

II<Cn3n?*7 =0 (nil) ,

and it yields that

’g(:z) _ /_xl (Qn+2w)(y; : iQn+2w)(a) dy‘ -0 (nf'y log n) = [—1,61 + ni?’]. (22)

Second case, * € (a +n~3,1]. Using the definition of k(x) we can write

’g(:v) _ /_wl (Qn+2w)<y; = SLQnHw ' ‘/ ( Qn+2w)<y33 - éQn+2w)(a)> dy’ <

8



/“*"_3 k(y)(qw)(y) — (@ni2w)(y) — (@ni2w)(a)) ’ dy+
~1 y—a
/x k(y)(qw)(y) — (Qnr2w)(y) — (RQni2w)(a)) ‘ dy <
a+n—3 y—a o
Cn Vlogn+C ’ - dy =0 (n""logn). (23)
a+n=3 |Y —a

In the upper estimation we used (22) for the first term and (19) for the second term (cf. [2,
(103) ,(104)]). Thus (22) and (23) yields that

‘9(»@) — /x (Qnr2w)(y) — (Qni2w)(a)

-1 y—a

dy‘ =0 (n 7logn) for every x € (—1,1). (24)

Now we almost have the statement of the lemma, but it speaks about polynomials and we have

not polynomials after the integral sign yet. These reasons induce us continuing the investigations:

Let

(Qnt2w)(y)—(Qni2w)(a) if a + n—3 <y< b— TL_3

- “Jo o ity € (1, c(a,n)) U(e(b,n), 1)
AlY) = Aapnly) = l1(y) if y € [e(a,n),a+ n_3]
la(y) if y € [b—n"3¢(bn)

Here ¢(a,n) = max (a —n73, “T_l) ,¢(b,n) = min (b +n73, %) ,li(y)are linear such that A(y)

be continuous. Because g € Cy, similarly to the k(x), we have to estimate the modulus of

smoothness of 3 :

A
Q7 (, t) < sup
w w,00  he(0,t]

) 4-2)

w(y) w(y)

h h
w (y—i— <p2(y)) w (y— @2(34))‘
We have to distinguish several cases:

Iy — hWT@),wa hWT(y) €la+n3b-—n"?:

Applying Lemma 2 we get that

I< (!(szw)(a” + ‘(Qnﬁw) (y + h(pZ(y)> D <y _ @ B h:(y) - a) i

y_;wl(y)_ ‘(Qn+2w) (y + hg02(y)> — (Qny2w) (y - hg02(y))‘ <
9 a

sup
hel0,t]

o)

5 = sup |[I|[5, + sup [[[1]|,.

he(0,t] he(0,t]

h

h 1
Cl? -+ 02?712}1 S C’nﬁh,
n n

where the estimation on ||(Qw)|| and the boundedness of ¢ and Q2w were used. C' is inde-
pendent of a, b.

I,A(yih“’T(y)):li(y:th“’T(y)):

I < Chy(y)|ll;]| < Chn®,

which estimation shows the behavior of the function around a, at it may be much less around b.



By setting new terms (the values of the function at the joining points) around the joining
points we get the same estimations .

I,y — hw(y) € (e(a,n) + h,c(by,n) — h) :
As in the estlmation of k(z), we get that

2
m<c hn < Onh3,

o) (v +n7Y)

where n € [—h, h].
1y - "5 € IN([=1,¢(a,n) + A Ule(b,n) = b, 1)) -
In this case around a we get a weeker estimation than around b again. Thus using Lemma

2. we get that
IT < Chl|ly|| < CnPh.

That is 4
¢ (t) < CnbVA, (25)
w w,00

which estimation is independent of a and b and it means that there exists a polinomial sequence
{um}, tm € Iy, such that

1A®W) — (umw)(w)]| < Cnm™2 = e(n,m). (26)
With this sequence , using (19) and (25) (cf.[2,(100)] too) we get that
lg'(2)(z — a) = (unw)(@)(z — a)|| < ||g (x)(x — a) — A(z)(z — a)||+

[A(z)(z — a) = (umw)(2)(x — a)l| < C (n™7 +&(n,m)) (27)
and using (23) and (25) :

’9(56) - /f (umw)(y )dy‘ ’ (z) — /961 (Qn+2w)<y; = ELQn+2w)(a) dy‘ +
‘/ Koty (Qn+2w)( % dy - A(y)‘ +
/ffl |A(y) — (upw)(y)|dy < C (n"7logn +n~7logn + e(n,m)) (28)

We can see now that when m = n'? (say), then (27) and (28) tend to 0 if m tends to infinity.
Further more investigating (28) in case z =1

‘o _ /_11(umw)(y)dy‘ — |54 /_11 w < C (" logn + £(n,m)) (29)

Similarly to the previous discussion ]bém)] — 0 when m — oo. Herewith Lemma 3 is proved.

Proof of Theorem 2. Using the polynomial p,.) defined in Lemma 1., for N > 2n + 3,

N — xr—x 2.17
w(e) 32 SO DD (g ()

I(f = Hyaw())wl < 1(f = prg)w] + .
k=1 w(zy)
N 2 ,
H Z k ’x — 2| (pnqw) (z)|| -
k=1

10



Because of g(w)-normality the first and the second terms are less the CEY(f). For the third
term we will apply that

lim (pnqw) = 0.

|z|—1

Namely for an arbitrary ¢ > 0 an Is = [-1 4+ 0,1 — ¢],0 = d(e,n) can be given such that if
xy ¢ I, then |(poqw) (z1)| < e. Then, using Remark (3)

> () :
w(z) > ) |z — 2| (Pqw) (21)

k=1 w(zy,

200 ,
< Juta) ¥ ;k(;:) 12— k] (pmgw) () | +

w@) Y SO o (pagw) (@) <
:ckglé

nquw w(x r—x + —e.
Ipagu) [ fwla) 3 Jo0Sle =il + 2
EFNSIE

~—

It means that for proving Theorem 2 we only need to show that

Bz
w(z) g wk((wk))m_xk — 0as N — oo. (30)
k
rp€ls

Let’s see now g(z) defined in Lemma 3! Let v = £, and b = 1 — g and a € (—1,b) otherwise is
arbitrary. In this case

2 a e e T —a
w(a) 2}; jf(g;k)) (25 — @) (b— z) 5+ <(1 — Chla—xp)) — g + (g + 1) e :%)

s €larb]

l2(a) o o Y% (5 o+l l2(a) e

2@ zk: wk(xk)(xk @b w2 2 (2) wla) z,; wk(xk)(xk etz
wp€la,1-6] wpela1—3)
2(a
>C (g,é) w(a) Z i}k((xk)) (xx —a) >0 (31)

zp €la,1-0]

In the upper estimation besides the definition of w — g—normality we used the facts that
(5+1) figl‘: >0, and 0 < #-%, 2 < 1. Thus introducing the notation

Uy o ) )y

w(x) ’

from (31) and from the definition of g(z) with C' = C~! (£,6) and for M > 2m we get that

2 a a !
o 3 Ehe-o<o|(55 - (5 (2) ) uo

<

11



’g(a) — /_al (umw)(z)dz| + ’/_al(umw)(x)dx —w(a)Hy (Um+1, U;nH, a) +
w(a)Hys (Uns1, Upis 0) — w(a) Hyy (fv (i) ,a) = [+ II+1II.

Here by (17), I — 0, if M — oo. Further by Remark (3) and Lemma 3 IT1. tends to 0 when
M tends to infinity. Indeed

11T < w(a) i/[: (1 — Crla —zx))l3(a)

k=1 w(ar)

)~ [ o))y +

M 12(a) ,
w(a) Y 25| (a = wp)g (xx) — (@ — @) (umw) (zy)| <
i k)

o)~ [ o))y

To prove that 11 — 0, we recall the Rodrigues’ formula again (compare with (13)):

[ (@) =" ywl)dy = (i) 2, (32)

] + 2@ - 2)g' @) = (@ - 2) wmw)(a)]| — 0.

where 7,11 is a polynomial with degree m + 1. It is clear that the operator of Hermite interpo-
lation is linear and bounded on p(w)—normal systems in weighted norm (see (3) and (6)) and
has a reconstruction property on polynomials. So denoting by

Vi) = L0,

using (A) we can estimate term by term as it follows

1I =

o™ py”) </1 w(y)dy — w(a)Hu (V, V', a)) ‘ < C()pS" | w| o |bS™).

Thus the following was proved for —1 <a <1 — g :

2(a
w(a) 1;]\4 zik((xk)) (rp —a) — 0 (M — o0). (33)
zp€(a,1-6)

Let us see the function g(z) in Lemma 3 again, but with
)
b=-1+ 5 <a<l,

that is )
) (a=2)"(x = b))t z € [a,b]
Glo) = { 0 otherwise (34)

By the same chain of ideas the following can be proved:

[} (a)
wa) Y (g @7 0 (M — o). (35)
ot hb,0)

According to (33) and (35) if a € (—1,1), then

li(a)
w(a) E B oy —a| — 0 (M — o0). (36)
1<k<M w(zy)
zp€(—14+6,1-9)

12



(30) and (36) show that for an arbitrary ¢ we can choose §, and m and then M such that

|(f — Hym(f))w| — 0 uniformly, if M — oo.

The case of infinite intervall is planned to investigate in a following paper.
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