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1Z�O0[\$, 0)@$(0V!WaU�[<O0[\$NO<<350V!WÆ]
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I(a, b, s) = f.p.

∫ b

a

f(t)

(t − s)
2 dt. (2.1)

G" a < s < b . AB@ Legendre QK-O0 f(t) , /� Legendre QKH1(4[H1, F

^\_�2$0K`c f(t) .

2.1. 56789:; [3]

7:%()'!de

Ip(a, b, s) = f.p.

∫ b

a

f(t)

(t − s)p+1 dt, p ≥ 1, p ∈ N+. (2.2)

G", s ∈ (a, b) %()P, f(t) %]JH1. Ip(a, b, s) N%a p + 1 ^ Hadamard �CB
!'!b_a p + 1 ^%()'!b. 4 p = 1 W, (2.2) <`% (2.1) <.

2.2. Hadamard <=>9:;

�CB!7:0?/ Hadamard GF, S7:$GF?[%()'!$@a%!3%Z
\, G7:%

f.p.

∫ b

a

f(t)

(t − s)p+1 dt

=lim
ε→0

⎧⎨
⎩

(∫ s−ε

a

+

∫ b

s+ε

)
f(t)

(t − s)
p+1 dt −

p−1∑
j=0

(−1)jf (j)(s)

j!

1 − (−1)p−j

(p − j)εp−j

⎫⎬
⎭ ,

(2.3)

G" s ∈ (a, b) %()P, p ≥ 1, p ∈ N+. 4 p = 1 W, (2.3) <`%

f.p.

∫ b

a

f(t)

(t − s)2
dt = lim

ε→0

{∫ s−ε

a

f(t)

(t − s)2
dt +

∫ b

s+ε

f(t)

(t − s)2
dt − 2

f(s)

ε

}
, (2.4)

b f(t) = 1, �

f.p.

∫ b

a

1

(t − s)p+1 dt = lim
ε→0

{∫ s−ε

a

1

(t − s)p+1 dt +

∫ b

s+ε

1

(t − s)p+1 dt − 1 − (−1)
p

pεp

}

=
1

p(a − s)
p − 1

p(b − s)
p .

(2.5)
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4.2. RSTU

7:&LD [0, 1) M$H1 f(t) Z3 l%

f(t) =
∞∑

n=1

∞∑
m=0

cnmψ(k)
nm(t), (4.2)

G" cnm =
〈

f(t), ψ
(k)
nm(t)

〉
. dige< (4.2) <mj%�C[, �

f(t) ∼=
μk∑
n=1

M−1∑
m=0

cnmψ(k)
nm(t) = CTΨ(t), (4.3)

G" C $ Ψ(t) % μkM × 1 ^nV, G�n%

C = [c10, c11, · · · , c1(M−1), c20, · · · , c2(M−1), · · · , cμk0, · · · , cμk(M−1)]
T

,

Ψ(t) = [ψ
(k)
10 (t), · · · , ψ

(k)
1(M−1)(t), ψ

(k)
20 (t), · · · , ψ

(k)
2(M−1)(t), · · · , ψ

(k)

μk0
(t), · · · , ψ

(k)

μk(M−1)
(t)]

T
.

o5 Legendre QKH1k'$'!%

I =

∫ 1

0

Ψ(t)Ψ(t)
T

dt. (4.4)

G" I %UinV.

5. Legendre KLWXYZ/.

+� (2.2) <, b x = t−a
b−a , [ dx = dt

b−a ,

Ip(a, b, s) = f.p.

∫ b

a

f(t)

(t − s)
p+1 dt = f.p.

1

(b − a)
p

∫ 1

0

f((b − a)x + a)

(x − s−a
b−a )

p+1 dx. (5.1)

/ (4.3) <[

f((b − a)x + a) ∼=
μk∑
n=1

M−1∑
m=0

cnmψ(k)
nm(x) = CTΨ(x) 
F15108"f
9.9626 0 0 9.9626 302.28 282.79Tm
(�)/F.06x)
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b 2μkx − 2n + 1 = y, [ dx = 1
2μk dy, , (5.3) <Z&%

Ip(a, b, s) ∼= f.p.(
2

b − a
)
p μk∑
n=1

M−1∑
m=0

cnm
√

2m + 1μ
(2p+1)k

2

∫ 1

−1

Pm(y)

[y − ( (s−a)2μk

b−a + 1 − 2n)]
p+1 dy.

(5.4)

p4q\ μ, k, �Z3?

(s − a)2μk

b − a
+ 1 − 2n = 1, (5.5)

_
(s − a)2μk

b − a
+ 1 − 2n = −1. (5.6)

EW n !&?�
s − a

b − a
μk,

s − a

b − a
μk + 1 ∈ {

1, 2, · · · , μk
}

. (5.7)

*d, 4 a = 0, b = 2, s = 1 W, r μ = 2, k ∈ N+; 4 a = 3, b = 6, s = 4 W, r

μ = 3, k ∈ N+.

�b+� (5.4) <"%()'!
∫ 1

−1

Pm(y)

[y − ( (s−a)2μk

b−a + 1 − 2n)]
p+1 dy, (5.8)

4 n !&r\ (5.7) <W, (5.8) <hZ)&%

∫ 1

−1

Pm(y)

(y − 1)
p+1 dy,

∫ 1

−1

Pm(y)

(y + 1)
p+1 dy. (5.9)

`0V Legendre QKZ3<()P&LDJ)&%'!LDQPR'!,�4(AB$m+
]R.

^+�QPR%()'! (5.9) <, /� Legendre QK%4[QK, s34r M = 2,

μ, k n!IWoh\n!$0K f(t), EW m = 0, 1 .

,9%! (5.9) <, ^t%!de%()'!
∫ 1

−1

1

(y − 1)
p+1 dy,

∫ 1

−1

1

(y + 1)
p+1 dy,

∫ 1

−1

y

(y − 1)
p+1 dy,

∫ 1

−1

y

(y + 1)
p+1 dy. (5.10)

^�&%()'!0VpÆB!<< (3.1) q (3.4) %!. G"

∫ 1

−1

y

(y − 1)p+1 dy,

∫ 1

−1

y

(y + 1)p+1 dy. (5.11)

4 p = 1 W, � ∫ 1

−1

y

(y − 1)
2 dy =

∫ 1

−1

y − 1 + 1

(y − 1)
2 dy = − ln 2 − 1

2
, (5.12)
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∫ 1

−1

y

(y + 1)
2 dy =

∫ 1

−1

y + 1 − 1

(y + 1)
2 dy



2 � c
cd: Legendre ��fd�	�
� 201

qI^QQ. /` 2 Zs, v@S"*Z%()'!0K�$ÆTWDSw, F'L{t3S
"*$ZTU$�2U.

7. u��v

AB< Legendre QKP@\%()'!0K%!", K@ Legendre QKM$+U, Z<

w%()'!FT)N, F^x�%!, ;Whyy3%!%()'!$ÆTWD. B"s[
0K�$wr|zzB!R, �(F'L4.$8#.
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LEGENDRE WAVELET FOR SOLVING SUPERSINGULAR

INTEGRAL

Chen Yiming Yi Mingxu Wei Jinxia Chen Juan

(College of Sciences, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract

The numerical methods of supersingular integral are always an important topic in recent

years. Based on the definition of Hadamard finite-part integral of the supersingular integral,

we have given a method which calculates the supersingular integral by using Legendre wavelet

in this paper. When the singular point is located in the interval, as Legendre wavelet has a

better orthogonality, good explicit expression and computability of the wavelet function, we

can convert the singular point of interval into the endpoint of interval, and then by making

use of the definition of Hadamard finite-part integral where the singular point is located at

the endpoint of interval, we can compute the p + 1(p ∈ N+) order supersingular integral.

Finally, the feasibility and validity of the method can be proved by the examples shown in

the work.

Keywords: Supersingular integral; Legendre wavelet; Hadamard finite-part integral;

Approximate solution
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