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ABSTRACT

A variety of very general L,(0 < p < 1) form converse Opial type inequalities
([8]) is presented involving generalized fractional derivatives ([3],[6]) of several
functions in different orders and powers. From the established results derive
other particular results of special interest.

RESUMEN

Una variedad general de desigualdades inversas de tipo Opial en L, (0 <p<1) son
presentadas, las cuales envuelven deridadas fraccionarias generalidades ([3],[6])
de varias funciones con diferentes ordenes y potencias. Deducimos algunos casos
particulares de especial interes.
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1 Introduction

Opial inequalities appeared for the first time in [8] and then many authors dealt with them
in different directions and for various cases. For a complete recent account on the activity
of this field see [1], and still it remains a very active area of research. One of their main
attractions to these inequalities is their applications, especially to proving uniqueness and
upper bounds of solution of initial value problems in differential equations. The author was
the first to present Opial inequalities involving fractional derivatives of functions in [2], [3]

with applications to fractional differential equations.

Fractional derivatives come up naturally in a number of fields, especially in Physics, see
the recent books [7], [9]. Here the author continues his study of fractional Opial inequalities
now involving several different functions and produces a wide variety of converse results. To
give an idea to the reader of the kind of inequalities we are dealing with, briefly we mention
a specific one (see Corollary 15).

x M
[ 2100 @ |056) @] ) do =
ro \j=1
L (2252)
C (z) D}, fi) (w)[" | dw , (%)
[, | X lews) o

all zg < x <b.

In (%), C () is a constant that depends on zg, z, and the involved parameters, y; > 0,
1<v—m < %, 0 <p<1; DY fjis of fixed sign on [zg,b], j =1,...,M € N. Also A\, >0,
Ay > p. Here f;i) (£9) =0,i=0,1,...,n—1,n:=[v] (integral part); j =1,..., M.

And D}} f;, Dy f; are the generalized (of Canavati) type [6], [2] fractional derivatives
of f; of orders 1, v respectively.

2 Preliminaries

In the sequel we follow [6]. Let g € C'([0,1]). Let v be a positive number, n := [v] and
a:=v—n (0 <a<1). Define

() (@)= 5 [ =0 g0 0w, )
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the Riemann-Liouville integral, where I' is the gamma function. We define the subspace
C" (]0,1]) of C™ ([0, 1]) as follows:

Cv ([0,1]):=={geC"([0,1]) : J1_aD"g € C' ([0,1])},
where D := L So for g € C"([0,1]), we define the v—fractional derivative of g as
DYg:=DJy_oD"g. (2)

When v > 1 we have the Taylor’s formula

=g(0)+4¢ (0 ” (0 e (=1 (g -
9()=9(0)+9g (0)t+97(0) 57 +... +g ()m
+ (J,D%g) (t), forallte[0,1]. (3)
When 0 < v < 1 we find
g(t) = (J,D"g) (1), forallte0,1]. (4)

Next we carry above notions over to arbitrary [a,b] C R (see[3]). Let z, zo € [a, b] such
that © > xg, where zo < b is fixed. Let f € C([a,b]) and define

(0 F) () = %) / C@— 0" f(Wydr, ap<a<b (5)

the generalized Riemann-Liouville integral. We define the subspace C} ([a, b]) of C™ ([a, b]) :

O3, ([a,0]) == {f € C" ([a,]) : Jy2 D" f € C ([0, b))},
clearly C2 ([a,b]) = C ([a,b]), also CZ, ([a,b]) = C™ ([a,b]), n € N.

For f € C ([a,b]), we define the generalized v—fractional derivative of f over [z, D]

as

Dy, f = DI f0 (= Drf). (6)
Notice that

[ @i o

zo

(2t ™) @) = F=5
exists for f € C} ([a,b]).

We recall the following generalization of Taylor’s formula (see [6], [3]).
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Theorem 1. Let f € C} ([a,b]), xo € [a,b] fized.
(i) If v>1 then

f(fc):f($0)+f/(xo)(fc—xo)+f”(aro)w+...+

2
n—1
£V (o) % + (L5005, f) (@), for all x € [a,b] : x> xo. (™)
(it) If 0 <v <1 then
f (@)= (J2DY ) (2), forall x € [a,b] : @ > . ()

We make
Remark 2. 1) (D2 f) = f™, neN.
2) Let f € CY, ([a,b]), v >1and £ (20) =0,i=0,1,...,n—1, n = [v]. Then by (7)

f (@)= (J5°D, f) (x).
ILe.

F@) =t / (x— 1)1 (D2, ) () dt. (9)

for all z € [a,b] with & > z¢. Notice that (9) is true, also when 0 < v < 1.
We need from [3]
Lemma 3. Let f € C([a,b]), p,v > 0. Then

(T ) = Tk (F) - (10)

We also make

Remark 4. Let v > v+ 1, v > 0, so that v < wv. Call n := [v], a:=v —n; m := [v],
p :=y—m. Note that v—m > 1 and n—m > 1. Let f € C¥, ([a,b]) be such that f*) (zg) = 0,
i=0,1,...,n— 1. Hence by (7)

f(z) = (JPDY f) (x), forallz€la,b]:z> .

Therefore by Leibnitz’s formula and T (p 4+ 1) = pT" (p), p > 0, we get that

) (z) = (J2°,, DL f) (x), for all z > xq. (11)
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It follows that f € C7 ([a,b]) and thus
(D2, f) (z) == (DJfﬂpf(m)) (x) exists for all z > xg. (12)
Really by the use of (11) we have on [z, ]
i, (F0) = g0, (I, Di, f) = (J72, 0 J22,) (D2, f)
= Jvfngrlfp (D;jof) = Jsg’)”rl (D;)of) ’
by (10). That is,
(70,8 (@) = / @0 (D2, ) () di.
17p I‘(U_/y—’—l) o o
Therefore
1 * ) —
5 — zo  £(m) — . (=71 v .
(02, @) =D (4208 ™) @) = 55 [ @=0 DL W (3)
hence
(D}, f) () = (J3°, (D, f)) (z) and is continuous in z on [z, b].
In particular when v > 2 we have
(D) @ = [ (D)@t o a0 (14)

Zo

That is
(Du ') =Dy f, (D) (w0) = 0.

3 Main Results

3.1 Results involving two functions

We present our first main result

Theorem 5. Let v; > 0,1 < v—7; <1/p,0 <p <1, 5 =12 andfi, f2 €
Cy. ([a, b]) with fll) (x0) = fz(l) (x0) =0,i=0,1,...,n—1, n := [v]. Here z,z9 € [a,b] :
x > wg. We assume here that D3 f; is of fived sign on [xo,b], j = 1,2. Consider also
p(t) >0 and g (t) > 0 continuous functions on [xo,b]. Let A, > 0 and Ay, Ag > 0 such that

Ay > p.
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Set

v—yE—1)p

w (,
Py (w) ::/ (w—t) T (o) T dt, k=12, 20 <o <b
zo

P

g (w) - (P ()7 (P, ()7 (p (w)~F

A(w) = ’ ,
) (T (v =)™ (T (v —72))
Ao () o= (/HA(w))pww) "
and
5y i 21— (252)

If X\g =0, we obtain that,

Ay

[ a@[|nn) @ -|(02,0) @] +

(D2 12) ) | (D3, £2) ()] o

> (o) (2 ) - [ p 0z P +

AatAiv )

(D2, £2) (w)]] dw]

Proof. From (13) and assumption we have
1

ram f, 0 O 0

for k=1,2,j=1,2 and for all zg < w <b.

(DL £5) (w)] =

Next applying Holder’s inequality with indices p, ﬁ we get

[(D3% f5) (w)] = F('U%Vk

ﬁ ( /w (w0 o))" dt)Tl

>

i/ S R () (p(0)F (DL ) (1) d

(19)
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thus,

Hence, we have

and

Therefore we obtain

g (w) (DL 1) ()| (DL f2) (w) [ (DL, f1) ()]
> gw) — (P ) ) (2 ()

(T (v — 7)™
o r
(T (v —72))

= Aw) (21 (@) (22 () (2] ()

Consequently, by another Hélder’s inequality application, we find (by & < 1)

>
s

l/%Q(U0|(Dl;ﬁ)(w)Pa|(Dliﬁ)(w)PB\(Diwﬁ)(w)Pvdw

Ay
Ag )

(22 (w) % 2 (w)dw| (21)

> >
R

> a0 @) | [ )
Similary one finds

A

[ a DR P |02 0 (02,5) 0 s
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> 0 @) | [ ) (a2 ) ) (w) ] . (22)

0

Taking Ag = 0 and adding (21) and (22) we obtain

Av
+

[ a@[|0n0) @] -|(02,0) w)

(D2 f2) (w)[* - |(DY, £2) (w)ﬂ dw

0

Qat+ry)
P

= (Ao () |xs—0) <AQA+”AU) . </;p(t) (D2, f1) (t)\pdt>

Qat+ry)
P

+ < / “p(0)|(D2, 1) (t)\”dt) = (%),

0

In this article we are using frequently the basic inequalities

27 @+ )< (a+b) <a"+b", a,b>0,0<r<1, (23)

a"+ b < (a+b)" <27 (a" +b"), a,b>0,7r>1. (24)
Finally using (23), (24) and (18) we get

Ay
P

() > (Ao () [ay=0) - (ﬁ) -0
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Qat+Av)

{[ v 108m) OF +1(05,7) @) ar}

0

Inequality (19) has been established.

Here we see that (%) (v=—v—-1)+1>0, —ﬁ > 0 and p(t) € C ([xg,b]), thus

(see (15)) P; (w) € R for every w € [xg,b], also P; (w) is continuous and bounded on [z, b]
fori=1,2.

By Ay >p >0, we have 0 < & <1, -5 <0.

We observe that

T = 7ty T =) €@ =) (o)™

1-p

(P ()™ CF) (P, () F) € C (o, 1),
and ﬁ > 0 on (zo,b], m =0.
Therefore 0 < Ap (x) < 00, and all we have done in this proof are valid. O
It follows the counterpart of the last theorem.
Theorem 6. All here as in Theorem 5. Further assume Ag > A,,.
Denote

5y = 217(>\@/>\v)’ 83 1= (62 — 1) 9=(As/Av) (25)

If Ao =0, then it holds

[ a) |02 @) [(05,1) @) +
Ap

|(D22f1) (w)|™” - | (D2, f2) (w)

A”] dw

> (A 9t o\ 57
> (Ao () [x,=0) Py 3

(2epoa)

. (/Ip (w) H (Dgofl) (w)’p + ’(DZOfQ) (w)m dw) ’ , allzg <z <b. (26)

Zo

Proof. When )\, = 0 from (21) and (22) we obtain

Ay
dw

| a@ (030 @) |(02,0) (w)

Zo
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and

A

> (4o () [r.m0) [ / (21 ()% 2 (w) dw] .

all zgp <z <b. Adding (27) and (28) we get

> (Ao (2) [x.=0) { U; (2 ()% 2, (w) dw] 3 .

[/mj (21 ()™ 2 (w) dw} *p}

p—A

> (Ao (@) [ramo) - 275 - (M (&) 7 =: (+),
by ’\7“ > 1 and (24), where

M (z) = /z (22 (W)™ 21 (w) + (21 ()™ 25 (w) dw.

Next we work on M (z). We have that

M - | (@)% + o)) (5 )+ 2 (0) du

2oy Ja¥e}

[ [ w0 ® s+ o ) 5 )]

(by (24))

> 62/3:(21 (w) + 22 (w)) >
- ( al ) [(21 (:v))(kvrﬁ) + (22 (ff))(u;jﬁ)]

/\g—i—)\v

:52(21(56)-1-22(&5))0“:‘3)( - >_< : )

CU(BO
10, 1 (2008)

(27)

(28)
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I.e. we present that

M@ > (25 )b @)+ ) O

Consequently, by (29) and (31) we get

(31)

: g
( [ O 11z,5) @F +1(05,2) O dt) .

0

We have established (26). O

A special important case follows.

Theorem 7. Let v > 2 and 71 > 0 such that 2 < v — v <
J1, fo € C3, ([a,b]) with fl(i) (z9) = 2(1‘) (x0) =0,i=0,1,...,n—1, n:= [v]. Here x,z¢ €

la,b] : @ > x9. We assume here that D}, f; is of fived sign on [xo,b], j = 1,2. Consider also
p(t) >0 and q(t) > 0 continuous functions on [ro,b]. Let Ao > Agy1 > 1.

L0 <p< 1 Let

p?
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Denote
03 1= (21—(>\a/>\a+1) _ 1) 2—/\a/>\a+1’ (32)
’ ) ) (Osdann
umF@AmwM ) aw) (5o2em )™ (33)
and
zau%=/%@—w&%¥£@@»75du (34)
P )(p_—l) Aat+Aat1)
- x) - 1\ ’
T (z) = L () (F(v—%)) :
wy = 2055 ) CatAasn) (35)
and
O (z) =T (x)w (36)
Then
[ at) [[0z0) @) (037 12) )]
+(D2f2) (@)™ (D3 f2) ()] s (37)
- (”\ﬂ+:a+1)
zmepmwwwmmfﬂwwwmmwﬂ ,allmg<z<b

Proof. For convenience we set 3 := 71 + 1. From (13) and assumption we obtain

[(DY: f5) (w)| = ﬁ / ’ (w— )" (D2 i) (1) dt =2 gjy (), (38)

where j = 1,2, k=1,2, all zyp < x < b. We observe that

(D1 £;) (@) = (DB F) (@) = (DR ) (@), (39)
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all zg <z <b. And also

(gj7'71 (w))/ = Gj2 (w) ; ik (z0) = 0. (40)

Notice that if v — 5 = 1, then

Gje (W) = / ’ |(D2, f;) ()] dt.

0

Next we apply Holder’s inequality with indices >\o<1+1 <1, (1_)\1a+1) < 0, we obtain

[ @) |020) @ (057 1) ) du

0

= [ 4@ 6o 0 (g2 @) 0 ()
z L (1=Xa41)
([ =) au)

(/ " (g1 (@) (g2, (w)),dw) =

Zo

Y

Similarly we get
/ g () |(D3 f2) () |(D2 L f1) ()] d

> ([ (=) dw>(”am

Ao

([ 0 )25 (310 ) a0) o (12)

Zo

Adding (41) and (42) we observe

[ a@[|o0) @ (027 2) )

0

|03 8) @ (D) @] ] du

> ([ (=) ) e

0
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T Aa Aat1
</ (91771 (w)))\a+1 (92771 (w))l dw)

) </ (10 (O (g1, () ) 1

2 (2 [ ) aw) e

S o w05 (o

Ao

+ (92,% (w)) Rt

(0100 ()| ] o

(notice (30) and the proof of (31), accordingly here we have)

= (2 / (q (w)) (=) dw)“w

)\a+193 At (Mat+rat1)
<m (91,4 () + 92,4, (7))

(>‘0<+>‘0<+1)
=L (x) (glﬂl (‘T) + 92,v1 (.I'))

L((E) xT B ’U_v1_1 _% %
(1 (0 =)o) {/< D" @) (0 (1)
[P, 12) O]+ (D, £2) O] de}

(applying Holder’s inequality with indices

P 1and p we find)

X x v—y1—-Up 1 (pT?l)(AQJ")\aJrl)
e —an()()Aa“w | (/ =) T ) dt)

. (Fepett)
< [ @ 1050 0+ (02,1 <t>|]”dt>
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AatAratl
p

=76 [[ 200 0]+ 051 W)

(F=5==)
P

>0 | [ p0)((05,5) OF + (D2, 2) OF)

0
We have proved (37). O

Next we treat the case of exponents A\g = Ay + Ay
Theorem 8. All here as in Theorem 5. Consider the special case of A\g = Ao + Ay.
Assume here for j = 1,2 that

zj (z) := /mp(t)‘(Dzofj) (t)‘pdte [H,¥],0< H< WY,

h::%>1, My, (1) := “uh (43)
Denote
~ Ao % P—2Xa —3Xy _ .
T (z):= Ao (x) (/\a n /\U) 2 P (M, (1)) 2(Aa+As)/ (44)
Then
[ atw) [I(02) @ [(D3£) @) (D2, 4) @)
+(D22 1) )| (D23 £2) () [(D2, f2) ()] | do
L ) by
> 7@ ([ 9@ ((08,0) @ 405 @) dw) T @)
all xg <z <b.
Proof. We apply (21) and (22) for \g = A, + A, and add to get
Av

[ at [[022) @) (058 @) (22,5) (@)
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We have established (45). O
Next follow special cases of the above theorems.
Corollary 9. (to Theorem 5; \g =0, p(t) =¢(t) =1). Then
’ " A v Av " Aa v Av
[[(D272) ) (D2, 12) () + (D3 f2) (w)[** (D2, £2) ()] ™| dw
. (2ape)
> ([ (050 @+ 086 @P)a) T (16)
all xg < x < b, where
A Ay
Cr (@) o= (o @) o) (125 ) -0 (47)
5y = gl—(2a52) (48)
We have that
_pyCes)
(Ao () [xs=0) = { < (f ) (AM)M)> (49)
C(v—=m)™ (p=—mp—1)'" 7
. < (p_/\v)(pipku) )}
(Aatp — Aa¥1P — Ao + 0 — )\v)(p?u )
(I B xo)(AaUP*Aa’Yl;)*Aa‘*’P*)\u )
Proof. By Theorem 5. The constant (Ao () [x,—0) was calculated in [4]. O
Corollary 10. (to Theorem 6; A\, =0, p(t) =q(t) =1, Ag > \,). Then
’ V2 As v Av o As v Av
1(D322) (@) (D3, f2) @)+ (D3£2) () | (D5, o) () | duo
: ()
>0 ([ 1050 @] + |05 @) as) " (50)

all g < x < b, where
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s () 1= (AO(I)|AQ—0)2PPM< - ) 5" . (51)

We have that

(p— 1)(%?’:%)
)\ﬁpfkﬁ)

(T (v — 1)) (up — pap — 1)( 7

_ < (p— ) 57) )}
(Asvp — Agap — Ag +p — )7 ")

(Ao (7) [x.=0) =

AgvP—Agv2p—Ag+p—Av )

(:C—xo)( v

Proof. By Theorem 6. The constant (Ag () |x,=0) was calculated in [4]. O

3.2 Results involving several functions

Here we use the following basic inequality. Let ag,...,a, > 0, n € N, then

a{—i—...—i—aflS(al—i—...—i-an)TSnr1(2%),1"21, (53)
i=1

We present

Theorem 11. Let 1,72 > 0 such that 1 < v —; < %, 0<p<l,¢=1,2 and
fi € ¢4 (la,0]) with f (z0) = 0,i=0,1,....n—1,n:=[v], j = 1,...,M € N. Here
z,20 € [a,b] : x > xo. We assume that D} f; is of fized sign on [xo,b], j = 1,..., M.
Consider also p(t) > 0, and q(t) > 0 continuous functions on [xo,b]. Let A\, > 0 and
Aas Ag 2> 0 such that A, > p.

Set
Pew)= [ -0 T 00) P b= 12 mswsh (50
Aw) e 200 (BT (P ()05 () 55)

(T (v =)™ (T (v —72))
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a0 = ([ @y an) ’ (56)
Call
Ao\
1 (z) == (Ao (2) |>\@:0) . (/\ n )\v> ) (57)
gt = M (257 (58)
If Ag =0, we obtain that
¥ M A A
[ aw) (Z [(D3) ) | (D2, 5) ()] ) du
xo j=1
(2a320)
> 6% -1 (x) [ / (Z\ ”) dw] , (59)
all zg < x <b.
Proof. By Theorem 5 we get
[ @ [[(0325) @) [(D2,5) ()]
(D2 fer) @) (D2, fr4) (@) | duo (60)
: RIC
> b1 @) | [ 0 ) [(D2,5) @I + (D) @) ]
j=1,2,...,M—1.
Hence by adding all the above we find
M—1 \
[ atw (Z (10320 @)™ (05,5 )]
+ (D2 f50) @) | (D2 fr1) @)[ ] ) dw (61)
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> 011 ()

Also it holds

> 811 (2) [ / " pw) [[(Dg, £1) ()| + |(Dy, far) (w)]"] dw}

Jj=

[ a@[|on0) @ |(02,5) )]

x

[ p@ 1025 @ + (D2, 1300) ()] ]

(51

+ (D22 far) (w) [ [(D2, far) (w)]

Adding (61) and (62), and using (53) we have

(22

A

)\”} dw

(2257

m M Aa Ao
2 [ atw (Z\wz;f» ) (05,55 () )dw

> 11 (2) { { z_: [/Ip(w) (D2, £5) (w)?

Jj=1

( AatAy

+[(Dz, fi+1) (w)[Tdw]' 7

}

P

T (A&i&i)
[ p@ 1050) @ +1(05, ) ()] o} } >

ami(

We have proved

25001 (2) {/mp(w) [2

M

Jj=1

> (D8 1) (w)\”] dw} p

(2252)

cuBo

(64)
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That is proving (59). O

Next we give
Theorem 12. All here as in Theorem 11. Assume A\g > A,.

Denote

(p—Av) Ay 2
2 (@)= (o () o) 25 (505 ) T 0 (66)

If Ao, =0, then

/: {{{Z { D3 fisa) ()| [(DY, £5) (w)]™

+(D2£3) @) (D2, f41) ()] ] }
+ (|2 f30) @) | (D2, 1) ()

#103A) ) (D2 30) )] o >

w0 [ i)

AU+>\ﬁ)

u (=7
[Z\(Dléofj) (w>\p] dw} , x>0 (67)

1

Proof. From Theorem 6 we have

[ a@ [[0z5) ) [(02,5) ()
+ (D22 £3) ()| [(D2, fi41) (w)!k“}dw

: ()
> 2o ([ 2@ 105,0) @F 405 5) @) Taw) 7T o)

for 7 =1,..., M — 1. Hence by adding all of the above we get
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= M—1
/x (Z [ fa+1 )| ’ |(D§20fj) (w)|/\u

<.
Il
—

M—1 ©
> s () { 3 < / p(w) [|(D2 1) ()]

j=1 o

Similarly it holds

| a@ |0z @) (0, 1) )]

+[(D311) @)Y (D5, far) ()]

“} dw

: ()
> g (2) ( | p@ [021) @ + (D5, 7ar) @) dw> )

Adding (69), (70) and using (53) we derive (67). O

We continue with

Theorem 13. Let v > 2 and v1 > 0 such that 2 < v —v < 1/p, 0 < p < 1. Let
fi € C3, ([a,b]) with f;l) (x9) =0,i=0,1,....n—=1,n:=[],j=1,...,.M € N. Here
x,x0 € [a,b] : x > xo.Assume that D} f; is of fixed sign on [xo,b], j =1,..., M. Consider

also p(t) > 0, and q(t) > 0 continuous functions on [zo,b]. Let Ao > Aay1 > 1, @ is as in
Theorem 7.

Then

= M—1 \
/ [ D'Yl ‘D;y(l)JrlfjJrl (w)‘ a+1
o j:1

FDRfr5) () D27 55 )]}
OB A) @) (D3 far )]

+ (D far) (w | |DLT ()|Aa“}}dwz
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(=)
Na+tAat1 Na+tAgt1 x M
(=) o (222 ) 5 () [/ p(w) (Z\(Dgofj) (w)]”> dw] (1)
o j=1
all xg <z <b.
Proof. From Theorem 7 we get
z M-
/ Z |: D'Yl ’D’YlJrl 1(w)’)‘a+1
+ (D3 fi41) @)™ (D2 ()| dw
M—1r g (%)
>0 X | [ 0 ((045) @I + (B2 f) )]) du] 72
j=1 two

all xg <z <b.

Also it holds
/ q(w) “(D%fl) | |D’Y1+lfM (w)|)\a+1

Zo

(D3 ) () (D3 ()]

x ( p )
> 0@ | [ ) ((D2,0) @) +](05,fa0) ()]") o] S
all zo < x < b. Adding (72) and (73), along with (53) we derive (71). O

Next it comes

Theorem 14. All here as in Theorem 11. Consider the special case of Ag = Ao + Ay.
Here T () as in (44).

Assume here for j=1,..., M that

z; (z) := /zp(t) |D2fi (0|7 dt € [H, ], 0< H< V.

Then
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z M—1
IRIE { { S 1@B5) @) (D32 fi01) @) | (D2, £) ()

j=1

+ (D2 £;) () (D fi1) ()] (D, fi1) (w)

‘)\a+>\u

(DY f1) (w)|™

+ [[(D221) () (D32 ) (w)

Aa+Av

(D2 far) ()| [ (DY, far) (w)

) Ny (2(2252+))
M (1=Fae2eh)g2(2eg2e) 1 ) [/ (Z| ) dw] |

J=1

+[(D 1) (w)]

“} } dw > (74)

all xg <z <b.

Proof. Based on Theorem 8. The rest as in the proof of Theorem 13. O
We continue with

Corollary 15. (to Theorem 11, A\g =0, p(¢t) = q(t) =1). Then

)\”) dw

(2252)

> 51 (2 [/ [i\ >\”] dw] (75)

Jj=1

/0 (Z! (D3£3) ()™ [(D3, 1) (w)

all zg < x <b.

In (75), (Ao (@) [x,=0) of @1 (x) is given by (49).

Proof. Based on Theorem 11. O
Corollary 16. (to Theorem 12, A\, =0, p (t) = ¢ (t) = 1). It holds
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- M—1

| > [0z @ 02,5 @™
+[(D2£) (@) (D2, fr4) (@)™ ]}
+ ([P f31) @) | (D2, 1) ()
+[(D342) @) (D2 far) @)[™] } dw =
T (=52)
(Ml(xv:m)>2($)(p2(x) /m S T(D8, £5) ()| | dw . (76)

Jj=1

all xg <z <b.

In (76), (Ao (z) |x.=0) of 2 (x) is given by (52).

Proof. Based on Theorem 12. O
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