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1. Introduction

The Fourier series associate with f at point x of 27
periodic function in (-w, ) is given by
1 o0
f(x)~=ag+ Y (ajcos nx + bysinnx).
n=1

(1.1

A function f eLip a if
f(x+t)—_f(x)=0(|t|a ) for 0<a <l

felip(a,p), for 0< x <2rx, if

0
and an integer p=>1.

f eLip(cf(t),p) if

2 D
[j |f(x+t)—f(x)|pde =0(|t|“),for0<a§1

b »
[ [ |fa+n-rm) de =0(&()

provided & () is positive increasing function.

If &(t) = t “ then Lip (&(t), p) coincide with Lip(a, p) and
if p — oo in Lip(a, p) than Lip(a, p) reduce to Lip a.

We observed that Lip o < Lip (o, p) < Lip (&(t), p)
forO<a<l.

We define norm || ||p by

1
p

,p =1 (1.2)

27
I, ={I |f<x>|ﬁdx}
0

The degree of approximation E, (f) is given by

E, (f)=min| 1, - | (1.3)
where t,(x) is a trigonometric polynomial of degree n.
Let T=(a,x) be an infinite lower triangular matrix
satisfying the condition(see, [4]) of regularity. Let
o8]
Z u, be an infinite series such that whose n' partial

m=0

n
sums, = » u; .
k=0

The sequence-to-sequence transformation

n
ty = a,;s; defines the sequence {7,} of lower
k=0
triangular matrix means of the sequence {s,} generated by

the sequence of coefficients (a, ).
o0

The series Z u, is said to be summable to the sum s
n=0

by lower triangular matrix method (see, [1]) if lim ¢, =5 .
n—»0

In this paper, we use following notations.
p(t)=f(x+0)+f(x—1)-2f(x)

n

A= 3

n,t an, k>
k=n—-t

(1.4)

(1.5)

1]. .
where 7 = [—} is the greatest integer not greater than (1/t)
t

and
M, (V)
n sin(k+1/2)¢ .

1
== > a
27 kzzé) kT Sin(z/2)

(1.6)
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2. Main Theorem

Chandra[5] proved a theorem on the approximation of
function belonging to Lip(a.,p) class by Noérlund and Riesz
means. Mittal et. al. [3] extended the result of Chandra [5]
by using the matrix means on same Lip(a,p) class
function. In [6], Lal & Dhakal proved a theorem on
approximation of a Lip a class function by matrix means.

Aim of this paper is to extend the theorems of Chandra
[5], Mittal et.al. [3] and Lal & Dhakal [6] by using matrix
means on Lip(§(t), p) class functions as following way:
Theorem. Let T=(a,,) be an infinite regular lower
triangular matrix such that the element (a,y) be non-
negative, non-decreasing with k<n . If a function
f R > Ris 2n-periodic, Lebesgue integrable on [-7, 7]
and belonging to Lip(&(t), p) class then the degree of
approximation of f by lower triangular matrix means

n
t,(x)= Z ay Sk (x) of its Fourier series (1.1) satisfies,

k=0
forn=0,1,2,3...,

(1
=11, = 0{(n+1)1’ g(mj L@

provided & (t) satisfies the following conditions:

1

n+l P
[ (MJ dt =0[LJ, (2.2)
0 403 n+1
1
(o)) | ;

n+l

where § is an arbitrary number such that q(1-3)-1 > 0, q
the conjugate index of p and conditions (2.2) & (2.3) hold
uniformly in x.

3. Lemmas

For the proof of the theorem following lemmas are
required.
Lemma 1. M, (1) =0 (n+1),if 0<¢<1/(n+1).

Proof. For 0<¢t<1/(n+1), sin(n+1)t < (n+1)t,

M, (0 ]<

n
1 (2k+1)(2/2)
2 z .k t
k=0

n
(2n+1)
< —4 z an’k
k=0

= O(n+1).

Lemma 2. If (a,x) is non- negative and non- decreasing
with k<n, then,

n .
> a,e™|=0(4,,), uniformly in 0<r<7.
k=0

Proof: Let 7 = B] < n. Then

c we| 'S T ikt
i i i
z an,ke = z an’ke + Z an’ke
k=0 k=0 k=n—-t1
n—r—1 ” n »
<I Y g+ D) a,e™,
k=0 k=n—-t
by Abel’s lemma,
nfl mp l_el(k+l)t
ap ke |= 2an,n—r—1 max it
=0 1<k<n<n—r-1| 1-—¢
it/2
e
< 4an n—-7-1 : :
> e—lt/Z _ elt/2
1
SZan,n—r—l -t
Sll’li
2ra, , .
< n,n—7—1
t
and

Ank = pn—r T prit1 Tt ay y
T

n
An,r = Z
=n—

k
2 an,nfrfl + an,nfz'fl +..+ an,nfz'fl

(t+1) Ay p—r-1

Ap.n—7r—1

s
t

[\

therefore

n—t-1 i
> a, e <2 4,
k=0
n ‘k n
Also, | D a, €< Y a, =4,
k=n-t k=n-t
n i
Thus | Y a, e |<Qr+DA,, =0(4,,).
k=0

4
Lemma 3. M, (t)zO("T’Tj Jf L<r<r

n+

Proof: For ﬁ <t<rm ,sin(t/2)>(¢t/ ) ,we have

n ; 1
1 i(k+<)t
|Mn (t) | < Zlm z an’k e 2
k=0

n
1 ikt
Sz—[ Z a, ) €
k=0

A
= O(#j,using lemma 2.

‘ eit/2‘

4. Proof of the Theorem

Following [2], we have
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~ _ LT sin(k+1/2)
55 (0= f () = g o= Y
then,
Z Ay k (Sn,k(x)_f(x))
B L sm k +1/ 2)
__'([(o(t)z mk TG/ 2) sin(z/2)
or

2 (¥) = f(x) = [ p(O) M, (1) dt
0

1/(n+1) V4
=l | ey M,@di+ |
0 1/(n+1)

o(t) M, (1) dt] (4.1)

=5 +1,,say.

For, I;,
Applying Holder’s inequality and fact that
@ ()€ Lip(5(2), p) , we have

1 q

1 L
n+l l‘| o(t) | p n+l f(t) q
IE [—] dt { (t)}
: { £0) £

1
L q

~ 1 n+l f(t)
_o(mjo j ( (+1)j ,

0

S

by condition (2.2) & Lemma 1.
Applying Second Mean Value Theorem for Integrals,
we have

1 q

=0(§(ﬁn nf 1 dr

forsome 0 < e < ——

(4.2)

Applying Holder’s inequality, condition (2.3) and
Lemma 2.

(0| ) | 0}
|12|S J. W dt .[ (M )(t)

1 1
n+l n+l

Q | —

T (@ A i
(@+0%)ol| |55 ar| |,
RN
n+l
7 g
S (N | a
:O((n+l)5) I (1()1_5) u;{
L)
taking t:l
u

g(1-8)-1 n+l |q
=o(m+17¢(54)) {(hl (4.3)

~ofwen Hefa)|-of wevPeti)

Combining the conditions (4.1) — (4.3), we have

1
=/ ()| =0{(n+1)” cs(ﬁ)}

Now,

1

2 P
by —pr { £ () - £ dx]

1
2 1 p ;
=0| | {muy’g(ﬁ)} dx
0 (4.4)
1

= 0{(;1 + 1)§ g(ﬁ)]

This completes the proof of the theorem.
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