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Abstract

In this paper, a Legendre spectral method for solving the second Fredholm integral equation is
presented. Firstly, the integral transformation is performed, and then the Legendre-Gauss qua-
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drative formula combined with series expansion method are used to approximate the integral
term and the unknown function, and then the approximate solution of the transformed integral
equation is obtained, and the error analysis is carried out. Finally, the feasibility and effectiveness
of the method are verified by numerical examples.
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Table 1. Example 1 Error comparison between the Legendre spectral method and Simpson method for N = 2
52 1. 51 1N=25}, Legendre {75 55E RS Simpson 75K iE S EATIRZERTEE &

e " - , . . N . Simpson /77
4 Ft ALLR Simpson AR ASCHA RS pson 771
EIPORTE =]
0.0 1.000000 1.000000 1.000000 0 0.000000
0.2 1. 000000 1. 000000 1.000042 0 4.231e-6
04 1. 000000 1. 000000 1.000015 0 1.4668e—5
0.6 1. 000000 1. 000000 1.000010 0 1.0276e-5
0.8 1.000000 1.000000 0.999921 0 7.9441e-5
1.0 1.000000 1.000000 0.999578 0 4.21523e—4
1.00005
1 e s P o * *
0.99995
0.9999
0.99985 ¢
F 09998}
> L\
0.99975 !
0.9997 - .
0.99965 | e 4
*  Legendrelf /7% y
0.9996 —mme Simpson J \T
0.99955 ! ‘ ‘ !
0 0.2 0.4 0.6 0.8 1
i
Figure 1. Example 1 Error comparison chart between the Legendre spec-
tral method and Simpson method for N = 2
B 1. 411 N=28, Legendre /5L il\i#S Simpson 5 AR A ERAY
REXTELE
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BN =2, N MATLAB it8HA
0.5000 -1.0246 0.4000

K=[05000 02500 -05000|, G=(-0.3983 0.1409 1.3106)

05000 0.5246  0.4000
IR
A=(1.1836 11030 0.3503)
pEiA IR UK (PN 5]
3x* -1

{(x)=1.1836+1.1030x + 0.3503x

XF(25) 20N ] Simpson 773k[14], AR N

a(x)=e ~£+ 14 0.8507x
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X =00, x,=02, x,=04, x,=06, x =038,
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Xs =1.0
I Legendre i 77725 Simpson J7 7% Fr 33 ALLig 7 il SR B A O 0 b L3 2 1] 2

(26)

2 2 TR N =20, FRBUAS SRR I TR a0 R 22 5 SCRR[14] 42 HE 8 Simpson J5 7% A 480 1%

ZER LRI, ASCHTHH B 77 R A0 1R 22 L SCHR[14] P iR 2 MR 2 .

FHIE 2 AT4, 24N =20, ASCEEH Legendre 3% 754 5 SCHR[14] 42 1 Simpson 777k, —#HEHRE

R LL BRI, BIRBEE Y mNAes), #ifE)5AE, Simpson JivEiRZEZE
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Table 2. Example 2 Error comparison between the Legendre spectral method and Simpson method for N = 2

2. 52N =28, Legendre &7 EIRINERS Simpson F5 AR AMBAIR Z X EL R

Simpson J7 %46t

TR KT At AL Simpson JFik&i R ASCHEN IR 2 s

0.0 1.0000 1.0084 0.1409 0.0084 0.8591

0.2 1.2214 1.2500 0.4702 0.0286 0.7512

0.4 1.4918 1.5337 0.8486 0.0419 0.6433

0.6 1.8221 1.8594 1.2868 0.0373 0.5353

0.8 2.2255 2.2272 1.7982 0.0016 0.4274

1.0 2.7182 2.6370 2.3988 0.0813 0.3194
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i

Figure 2. Example 2 Error comparison chart between the Legendre
spectral method and Simpson method for N = 2

E 2. 512N =287, Legendre i&75EILINES Simpson 75 Aok
REIREXEEE

Bl 3 KR ITHE

u(x):fl(xsz—x)u(s)ds+g(x) 27)
R, it g (x)=SxeL, HEBIEIU() =1,
i R A SCHE Y Legendre 1557, B
Xi:COSi—n, i=01---,N
N
M G)RA6), A
Zaj(uj(xi)—Z(x(s(xi,ep))z—x)uj(s(xi,ep))a)pjzg(xi), i=01--,N (28)
j=0 p=0
e e) NI NHEREEN, A KA=G, H
N 2
K:uj(xi)—pz_%(x(s(xi,@p)) —x)uj(s(xi,ﬁp))a}p
Az[ao,al,---,aN]T, G=[g(x0),g(xl),---,g(xN)]T
M N =21, NMHA MATLAB iH5A
2.0000 0.0000 0.0000
K =|0.8889 0.6667 0.1778|, G=(2.0000 0.8889 0.0000)"
0.0000 0.0000 0.4000
NIESE
A=(1.000 0.000 0.000)"
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BET, ABMEAG(X)=1.
Xt (27)2URLF Simpson J7iA[14], JEAUE S G(x)=0.5333x +1.
A BT R
X =00, x,=02, x,=04, x,=0.6, x,=0.8, x,=1.0

] Legendre i /7755 Simpson J5 2 TS 1AL #7353 -5 R A e i 6 b L2 3.

Table 3. Example 3 Error comparison between the Legendre spectral method and Simpson method for N = 2
523. 513N =2H}, Legendre {75 55E RS Simpson 75 3EiE I EATIRZERT L &

Simpson 77 vk 4 Xt

R KA Ny 8 Simpson J7iEgE R RN IRE s
0.0 1.0000 1.0000 1.0000 0 0.0000
0.2 1.0000 1.0000 1.1067 0 0.1067
0.4 1.0000 1.0000 1.2133 0 0.2133
0.6 1.0000 1.0000 1.3140 0 0.3140
0.8 1.0000 1.0000 1.4266 0 0.4266
1.0 1.0000 1.0000 1.5333 0 0.5333

2 3 AIAL 2N =2, FCBUASCER AT VR a0 % 72 55 SCRR[14] 42 HE Y Simpson 75 7% F) 280 1%
ZERTLARIN, AT th 75 12 R 4800 R 22 L SCHR[14]H iR ZE/MF 2 o
Bl 4 SRR ITHE

u(x)+j01(xzs+xs2)u(s)ds:g(x) (29)
FOERIR, Forb g (x) =X, HETARA U(X) = - oo x? 4 200
359 359

fi# FIFASCHR 1 Legendre 15 777E, el iR 4E(2) =, KA X (8] [0,1] 649 [1,1], AP
11

u(x)+J‘71§(xzs(x,9)+xsz(x,e))u(s(x,e))dezg(x), 0e[-11]

xf B ARYE @) AL fa, B
xi=cosi—n, i=01---,N
N

M G)RXA6), A
iaj(uj(xi)+i%(xizs(xi,ep)+xisz(xi,ap))uj(s(xi,ep))a)pjzg(xi), i=0,1,-,N (30)
K EO)HEAM N, H KA=G, Hrp

K=uj(xi)+i%(xi23(xi,9p)+xi(%Sz(xi,ap)nuj(s(xi,ap))a)p

p=0

T

A:[ao,al,...’aN]

G=[9(%), (%), 9(xy )]T i, j=01---N
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RHEORHATHHAHT, U=ty 5 U, # Legendre i riki i 2 i HE L% 4.

Table 4. Example 4 Error analysis of the Legendre spectral Method
52 4. 18] 4 Legendre i& 75 KIRE DT

N 2 6 10
Ju=uyz, 1.4131e-15 1.4131e-15 1.4131e-15 2.3773e-15 1.0014e-15
Ju—uy], 9.9920e-16 9.9920e-16 0 8.1210e-16 9.9920e-16

M 4 TRUEW, B TACH 5% T Legendre ZIWIZE 1) Gauss KA, ek
k(x,5)=x*s+xs® 7ETT U ALWCSICHR FERLR, B AR B0 /0 (O AR EE, FTLATE N = 21, AT

kR E LU, RN =4,

EN=4FIN=8/, W#&S5FMES-6,

Table 5. Example 4 Legendre approximate solution and error of spectral method for N = 4
F#5. fflaN=48t, Legendre 7T RIRINRRIRE

N=6, N=8, N=10f1E0N, REWHINMREANR. Fl

R i N=4 GEXTRZE
0.0 0.000000000000000 0.000000000000000 0.000000000000000
0.2 0.158217270194986 0.158217270194986 0.000000000000000
0.4 0.298607242339833 0.298607242339832 9.99200722162641e—16
0.6 0.421169916434540 0.421169916434540 0.000000000000000
0.8 0.525905292479109 0.525905292479108 9.99200722162641e—16
1.0 0.612813370473538 0.612813370473538 0.000000000000000
Table 6. Example 4 Legendre spectral Method approximate solution and error for N = 8
6. f§l4 N=8Kf, Legendre ¥/ iR RIRE
R K N=8 A X iR 7
0.0 0.000000000000000 —8.121003610813205e—-16 8.1210036108132e—-16
0.2 0.158217270194986 0.158217270194986 0.000000000000000
0.4 0.298607242339833 0.298607242339833 0.000000000000000
0.6 0.421169916434540 0.421169916434541 9.9920072216264e—16
0.8 0.525905292479109 0.525905292479109 0.000000000000000
1.0 0.612813370473538 0.612813370473540 1.99840144432528e—-15
6. B&

ASCAH ] Legendre 35 7772 5 — 3% Fredholm AR5y J5 BE MMM 1 T IR IT, H HkAT 7 irE 01,

Y] VAZITER AT S A R, JF BAEBUE S 5 Simpson 7 1 EUEL
E&mHE

Hx AR ARSI H: (11801456); 11 Esh3E4 W H: (17E083).
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