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SHARP BOUNDS OF CEBYSEV FUNCTIONAL FOR
STIELTJES INTEGRALS AND APPLICATIONS

S.S. DRAGOMIR

Sharp bounds of the Cebysev functional for the Stieltjes integrals similar to the Griiss
one and applications for quadrature rules are given.

1. INTRODUCTION

Consider the weighted Cebysev functional

b
(L1) nu&r=7rl—3/wmfm9mm

J,w(t) dt Ja
1 b 1 b
wtftdt-—/wt t) dt
Y — [Cwwr Foqal, v
where f,g,w : [a,b] - Rand w(¢) 2 0 for almost every t € [a, b] are measurable functions
such that the involved integrals exist and f ) dt > 0.

In 1], the authors obtained, among others, the following inequalities:

12)  |T.(f.9)]
1 1 b 1 b
SE(M—m)m/a w(t)‘g(t)—m/a w(s)g(s) ds|dt

<-;—(M—m)[m/abw(t)

1 b 4 1/p
X t———/ws sdsdt] >1
g(t) T (s) ds Je (s)g(s) (r>1)
l(M m) ess sup g()——l——/bw(s)g(s) ds
S 2 tela,b) f:w(s) ds Ja
provided
(1.3) —oco<m < f(t) < M < oo for almost every t € [a, b]
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and the corresponding integrals are finite. The constant 1/2 is sharp in all the inequalities
in (1.2) in the sense that it cannot be replaced by a smaller constant.
In addition, if

(1.4) —o00o<n < g(t) <N <oo for almost every t € [a,b],

then the following refinement of the celebrated Griiss inequality is obtained:

(15)  |Tw(f,9)|
1 1 b 1 b
< —(M—m)mi‘;/‘z w(t)lg(t)—mfa w(s) g(s) ds|dt

2
1 1 b
<5 (M—-m) [m/a w(t)

1 b
x g(t"m/a w(s) g (5) ds

2 71/2
dt]

1
< 7 (M -m)(N—n).

Here, the constants 1/2 and 1/4 are also sharp in the sense mentioned above.

In this paper, we extend the above results to Riemann-Stieltjes integrals. A quadra-
ture formula is also considered.

For this purpose, we introduce the following Cebysev functional for the Stieltjes
integral

(16) T(f,giu) =~ u(a / f () g(t) du(t)

e / 1040 g [ 0@ o,

where f, g € C[a,b] (are continuous on [a,b]) and u € BV [a, ] (is of bounded variation
on [a,b]) with u (b) # u (a).
For some recent inequalities for Stieltjes integral see [2]-[5].

2. THE RESULTS

The following result holds.

THEOREM 1. Let f,g:[a,b] & R be continuous on [a,b] and u : [a,b] & R with
u (a) # u (b). Assume also that there exists the real constants m, M such that

(2.1) m< f(t) <M foreacht€ [a,b].
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If u is of bounded variation on [a,b], then we have the inequality

‘u l -m —1—‘
T gl <3 —m) o]

1 b
g‘u(b)—u(a)/,, ) du(s) V(“

where Vz (u) denotes the total variation of u in [a,b]. The constant 1/2 is sharp, in the
sense that it cannot be replaced by a smaller constant.

X

PROOF: It is easy to see, by simple computation with the Stieltjes integral, that the
following equality

b
(2.3) T(f,g;u)=m/a [f(t)-m-;M]

holds.
Using the known inequality

/abpa)dv(t)\ < sup O]V ),

(2.4)
te(a,b)

provided p € C [a,b] and v € BV [a, b], we have, by (2.3), that

(gl < swp 10 - "5 [o0) - st [ o6) du)

t€[a,b} u(b) —u
1 b
SOETOINAR
(since lf(t)—m-;MISM;mforanyte[a,b])
M-m 1 b 1 b
< H @ 1O @) PIOETIOINAR

and the inequality (2.2) is proved.
To prove the sharpness of the constant 1/2 in the inequality (2.2), we assume that
it holds with a constant C > 0, that is,

(25) |T(f,9:u)| < C(M ~m) m

1 b
g‘u(b)—u(a)/,,""s) duls

X
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Let us consider the functions f =g, f : {a,b] o R, f(t) =t ,t€[a,bl and u: [a,b] > R

given by
-1 if t=nq,
(2.6) u®)=40 if t€ (a,b),
1 if t=0b.

Then f, g are continuous on [a, b], u is of bounded variation on [a, ] and
1 b 1,
e ) [0 du=3 [ Pau

= %[tzu(t) |Z—2/abtu(t) dt]

b +a®
=—

/f(t ) dut) = = ()/bg(t) du (1
;/ﬂ tdu(t)
=%[tu(t) |Z'/:“(t) dt]

_b+a
===
1 /" a+bl b-a
9 —F/3 ———~ g(s) du(s = sup(t— —| =
” w®) —u@ J, &) @) = sueli- ==

and A
\/(u)=2, M=b m=a.

Inserting these values in (2.5), we get

a2+ (a+b)? 1 (b—a)
—_ < —_ —— 7.
| . | <Clb-a)-5 522,
giving C > 1/2, and the theorem is thus proved. - 0

The corresponding result for a monotonic function u is incorporated in the following
theorem.

THEOREM 2. Assume that f and g are as in Theorem 1. Ifu : [a,b] = R is
monotonic nondecreasing on [a, b], then one has the inequality:

. 1
T (f,9;0)| < sM-m e

] b
<[00 - srma [ 909 dut@)|auto).
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The constant 1/2 is sharp in the sense that it cannot be replaced by a smaller constant.

PRrROOF: Using the known inequality

b b
(28) pOw )| < [l

provided p € C [a,b] and v is a monotonic nondecreasing function on [a, b], we have (by
the use of equality (2.3)) that

1 m+ M
|T(f,9;u)|<m ] ) — 2 |
o0~ o L 9 @) au )
%(M m)u(b g(t) - u(a)/ (s) du (s)| du (2).

Now, assume that the inequality (2.7) holds with a constant D > 0, instead of 1/2, that
is,

_t
u(b) —u(a)

b . b
x/a g(t)——u(b)iu(a)/a 0(s) du(s)

If we choose the same function as in the proof of Theorem 1, we observe that f, g are

T (f,g:4)| < D(M —m)

du (t).

continuous and u is monotonic nondecreasing on [a, b]. Then, for these functions, we have

a®+b (a+b)°  (b—a)

T(f’.q’ ) 2 4 - 4 ’
b 1 b
/,g(t"m/g(s) du (5)| du (1)
=/bt a+b|d

(a+b)/2 b
=/ (a+b—t)du(t / a+b)du(t)
a 2 (a+b)/2
b (a+b)/2 (a+b)/2
- [u @) (a; } + /

+ [(t a;—b)u(t]

b
/ () dt
(a+b)/2 (a+b)/2

=b—a,
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and then, by (2.9) we get

b—a)? 1
- <pp-az-a
giving D > 1/2, and the theorem is completely proved. 0
The case when u is a Lipschitzian function is embodied in the following theorem.

THEOREM 3. Assume that f,g: [0,b] — R are Riemann integrable functions on
[a,b] and f satisfies the condition (2.1). Ifu : (a,b) = R (u(b) # u (a)) is Lipschitzian
with the constant L, then we have the inequality

L
|u (b) —u (a)|
1

b b
« [lo0- sz | o0 )|

The constant 1/2 cannot be replaced by a smaller constant.

(210) |T(f,0:0)] < 5L (M —m)

N =

PROOF: It is well known that if p : [¢,b] — R is Riemann integrable on [a,b] and
v : [a,b] — R is Lipschitzian with the constant L, then the Riemann-Stieltjes integral

f:l’ (t) dv (t) exists and
b b
[rowo|<z ol

Using this fact and the identity (2.3), we deduce

(2.11)

m+M|
2

|T(f,g;u)|<#— f@®

m/ 7 o)

b
e, 00 @

and the inequality (2.10) is proved.
Now, assume that (2.10) holds with a constant E > 0 instead of 1/2, that is,

dt

(M m) dt

2

(212) |T(f,9:)] < EL(M—m)m

Consider the function f = g, f : [a,b] — R with

BEREE EE]
1011 e (22t
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and u : [a,b] — R, u(t) = t. Then, obviously, f and g are Riemann integrable on [a, ]
and u is Lipschitzian with the constant L = 1.

Since
u(b u(a)/f(t () du(t) /dt—l
b
t) du(t / t) du(t) =0,
L. MOEmo RS
1
Ag(t)—M/ ()du( dt /dt—b—a
and
M=1 m=1
then, by (2.12), we deduce E > 1/2, and the theorem is completely proved. 0

3. A QUADRATURE FORMULA

Let us consider the partition of the interval [a, b] given by
(3.1) IL:ia=20 <z <+ <Tp_1 <ZTp=b

Denote v (I,) := max {h,-li =0,n— 1} where h; :=z;,; — 5,1 =0,n— 1.
If f: [a,b] — R is continuous on [a, b] and if we define
M;= sup f(t), mi:= inf f(¢), and
te(zi,Tig1) tefzizip]

v(f, 1) = max (M; —m,),

i=0,n—1

then, obviously, by the continuity of f on [a, b}, for any € > 0, we may find a division I,
with norm v (I,} < § such that v (f,I,) < €.
Consider now the quadrature rule

n—1

32)  Su(frgiuln) Zu i) / + () dut)- / j‘“g(t) du (1)

1=

provided f,g € C[a,b], v € BV [a,b] and u (ziy1) # u(2:), 2 =0,...,n— 1.
We may now state the following result in approximating the Stieltjes integral

/ F () g(®) dut).

THEOREM 4. Let f,g € Cla,b] andu € BV [a,b]. If I, is a division of the interval
[a,b) and u (zi41) #u(zi), i=0,...,n — 1, then we have:

(3.3) / f(#)g(t) du(t) = Su(f,g;%1n) + Ru(f,9:u, 1),
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where S, (f,g;u,I,) is as defined in (3.2) and the remainder R, (f, g;u, I,,) satisfies the
estimate

1
|Jlﬂ f)gau) n)l 5 In)
b

V@.

[3i ,J:,'+1],OO a

emEned MECET

The constant 1/2 is sharp in (3.4) in the sense that it cannot be replaced by a smaller
constant.

X max
i=0,n—-1

PRrOOF: Applying the inequality (2.2) on the intervals [z;, 2:41), 1 =0,...,n—1, we

have

69 | [ 100w - s [0 - [ e )
1 1 Tit1 ZTit+1
<G0g-m) s lo(0) - s [T g(0) du(e Ve

Summing the inequalities (3.5) over 7 from 0 to n — 1, and using the generalised triangle
inequality, we have

(3.6) |Rn (f, 95w, 1)

1 n-1
<3 > (M —my)
=0

a m/fi+lg(s) du (s)

(@i, %i41],00
ZTi4l
x \/ (w)
<3 1 '/Im()d()
= max || - ————— s) du (s
2 i=0n—1 (1) = u(z:) T I [z:zi41},00
n-1ZTiq
x>\ (u)
=0 =z
(f. 1) [T
=-v(f,I,) max (lg — g(s) du(s
i=O0n—1 u (Zin) — u(z:) Jo, [e.is 100
b
x\/ (w),
and the estimate (3.4) is obtained. 0

REMARK 1. Similar results may be stated for either © monotonic or Lipschitzian. We
omit the details.
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4. SOME PARTICULAR CASES

For f,g,w : [a,b] — R, integrable and with the property that f: w(t) dt # 0,
reconsider the weighted Ceby3ev functional

1 b
) Tl = G / w(t) f(8)g(t) dt
1 1

b b
“Fegal v 0@ s [0 a

1. If f,g,w : [a,b] — R are continuous and there exists the real constants m, M such
that

(4.2) m < f(t) < M for each t € [a,b],

then one has the inequality

(M —m)

l\.‘)l)—l

(43) |Tu(f,9)| < R ds|

1 5
97 f:w(s) ds/ 9(s)w

The proof follows by Theorem 1 on choosing u (t) = f:w (s) ds.
2. If f,g,w are as in 1 and w (s) > 0 for s € [a,b], then one has the inequality

X

/|w |ds

[a b],00

____l_
fa w(s) ds

b 1 b
"/a g(t)—mfa 9(5)w (s) ds

The proof follows by Theorem 2 on choosing u (t) = [, : w (3) ds.
3. If f,g are_Rigmann integrable on [a,b] and f satisfies (4.2), and w is continuous on
[a,b], then one has the inequality

(44) |Tu(f,9)| < 5(M —m)

l\’)lr—l

w(s) ds.

. 1
45) [Tu(£,9)] < 5 llWllg .00 (M = m) 15w (s) ds|

b 1 b
x/a g(t)—m/ag(s)w(s)ds ds

The proof follows by Theorem 3 on choosing u (t) = f:w (s) ds.
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