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Chebyshev T_
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(1. ;2 )

(B E HEREH)

Chebyshev ;0 T
0241. 82 TA

Chebyshev T_ ,

Ut Uy+ A(x,y) U+ B(x.y) Ut C(x.y)Up+ D(x.y) U= F(x.y).

(1)

diUy(x, £+ d3U(x, £ = gx(x).  x €[ 1L1], (2)

U= 1Ly)= hi(y), U(liy)= ha(y), y €/~ 11], (3)

di d1 &> d> Chi(y) ha(y) g+ (x) g- (x) [- 1, 1] LA(x,y)
B(x,y) C(x,y) D(x,y) F(x,y) xy_ [- L1]x[-11] y

, y  Chebyshev T_ ,

1 n  Chebyshev :
T,(x)= cos(narccos(x)), x €/-1,1],
n €30,1,2 .0 ,
[ La)fets), 2
-1 {1_ X2 2

co= 2;¢cn=1,n >1,

Cn 6nm;

* 1 19980824
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5 - 1, n= m,
"o, n Zme*

Chebyshev
TnJrI(x) = 2xTn(x)_ Tn71(x), n

\Y4

EIENESIE

f(x) €C-11] f@x) [ 1]
(q)

Lf(x)= Sof(x). g= 12

Lf(x) = 2 Tu(x)
[- 1,1]

1 2 N
f(”') = c Z pfl’:
n p=n+l
p+n

o _ L ¥ 2 2
S = 2 p(pi= )

p=n
ptn

foe 2| LTl
n — T[Cn _1 f—l_xz

cn- 1f(n'i)1— f(nz)l = 21y‘,(l'r 1), > 1
, [1]°
(1) (2 (3 .
, . Chebyshev
(I),), UA B C D F Chebyshev
N+ 2
Av(x.y)= 2ai(x)Tuly). By(x.y)=
N+2
C(x.y) = 2en(x)Ta(y). Dy(x.y) =
N+ 2
meyw=gywauw,wwmw=
ar b ¢ dr fi(x) (6)
Uy
P Uy 0°U,
R(Uy) = T+ =+ An(x,y) Uy +
o2 7 oy

Cyv(x,y) Uv- Fn(x,y)°
se(x) gr(x) ti(x) Li(x), k= 0:N+ 2

Chebyshev T_

N+ 2
Dobi(x) Tily),
k=0
N+2

24 <) Ti(y).,

N+ 2

gyuwTuw,

By (x,y) Uys+

(D

(4)

(5)

(6)

(7)

(8)

(9)
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N+2

By(x.y) Uv = Dogie(x) Ti(y)+ hoo.t,
k=0
N+ 2

An(x, y) Uny = Dusi(%) Ti(y) + hoo.t,
k=0
N+2

Cn(x,y) Uy = Dyti(x)Te(y) + hoo.t,
k=0
N+2

Dy(x,y) Uv= Dl(x)Ti(y)+ h.o.t,
k=0
h.o.t

N+ 1 N+ 2
Uiy = 20" (x)Tuly ) Uni= 2ai(x)Tu(y),
N+ 1 N+2

Uny = ]ng%“(x)h(y), Unsx = kz(;vk(x)Tk(y)

N
Unyy = A»_ZO‘,UQZ’(WTk(y)-

s= [so(x) si(x) —sv(x)] s t= [to(x) ti(x) —tn(x)] .

g=[go(x) gi(x) —gn(x)]'. I= [lo(x) Li(x) —In(x)]",

V= [vo(x) vi(x) vnea(x)]'. V= [vo(x) vi(x) - on(x)]",

VU= o6V (w) oV () o)1t VP = [ob? (x) 08P (x) oW ()],

f=10fox) fi(x) fn(x)]
(N+ )X (N+2) (N+1)x(N+3) (N+ 1) x(N+2) (N+1) x

(N+ 3) Gi(x) G2(x) G3(x) Ga(x),
dv'? dv
s= G g= G t= GV 1= G, (10)
d/ dx x . [2] -
9.
N+2 , ‘
R(Uyv) = Z[’L)k+ 1)1(;2)+ s+ gkt b+ Li— fu]Ti(y)*
=0
Chebyshev Ti(y),j= O:N

(R( Uy), T;(y)) = J”IM

J1- yz o

vi(x )+ v/ 2(x)+ si(x)+ ai(x)+ tn(x)+ Lix)= fi(x), k= 0:N;

(11)

v "(x)+ v (x)+ s(x)+ g(x)+ t(x)+ I(x)= f(x)* (12)
(10) , (12)

Ve VZ4e vV + G2V + GV + Gav= fo (13)

4 (5 vV'V=aVv v¥P= 4"y, AV A% (N+2)x(N+3)
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(N+ 1)x (N +3) : (13)
V4 APVe GAVV + GV + GAV Vi GV = f,
V% (GIAV+ G) V+ (GAV+ Gyv AP) V= f+ (14)
Bi= GiA' + Ga By= G:A'V+ Gua+ AP, (14)
Vs BV + Bv= fe (15)
(2)°
N+ 2 N+2

Uv(x, 1) = k;vk(x), Uv(x, - 1) = k;:,(- 1o x ),

aa[i”(x, 1) = ;Z;kzvk(x), aa%(x, 1= 1;(— D" 20n(x ),
[2]’ N+ 2 N+ 2
g (x) = dY kz(;kzvk(x) + db kz(;vk(x) (16)
g (x) = di D= DM Buie)+ ds - )l (17)
16 (n

g (v)= 2oux) g (x)= 2ou(x),
o= dik’+ db, 0 = (- 1f(da- K di), k= 0:N+ 2

01 = (010 01] olmz), 0y = (020 02l 02M2), g+ (x) = 01V, g- (x) =
0, Ve (15)
74 Bi B, f
{ 0]+{0]‘/+ oJ V= {ng(x)]' (18)
0 0 0 g- (x)
vN+1(x ), vNs2(X) vo(x ), vi(x), -5 vn(x)
(18)
V x)+ Bi(x)V i(x)+ Bo(x)V = f, (19)
BT B (N x1)x(N+1)
(19) o wi(x)= vi(x ) whe (%)= vr(x), k
= 0:N, (19
W(x)= G(x) W(x)+ R(x), (20)

W= [wo(x) wi(x) ——wansi(x)] .R=[0 f ],

Onve yx(ne ) Lne yx(ne 1)

Tl -m - B
(3)°
Uv(- Ly) = A;w(— UTi(y)= hi(y),
aUN N+ 2 (21)

Bx (10) = 2ne(UTu(y) = hay)*



Chebyshev T_ 819

hi(y), ho(y)  Chebyshev

N+2 N+2
hi(y)= 2 hiTe(y)+ hoot, ha(y) = 2 haTi(y)+ h.o.te
k=0 k=0
h = [hl0 hl] ---hl‘w]T, h2 = [hzo hzl ---hz‘w]T' To, T1, .-, TN ,
(21) vi(-= 1) = hi,vi(1) = h2, k= 0:Ne :
W= GW+ R, (22)

Wi(-1=h,W (1)= h,
W = [wol(x) wi(x) —wn(x)] s W = [wrei(x) wN+2(x) - wonei(x)] *
(22) , W, G(x), R  Chebyshev

M+ 1 N+ 1
Wi = Zaka(x), Ry = Zrka(x),
k=0 k=0

M+1 M+1

Gu= D, 0Tw(x), GuWy= D yTi(x)+ h.o.t,
k=0 k=0

M
anLynr (2N+2)x1 Q. (2N+ 1) . W= DaV Ti(x)e
k=0
M M+ 1
Res( Wi) = D at/Ti(x) = Dyi+ ri] Ti(x)® (23)
k=0 k=0
T s k= 0:M
atV- yr= re (24)

ao ao ro yo
E= “ s E(l) = a.gl) B M = " 5 Y= le s
ay+ aj(wl) . yu
R (M+ 1)(2N+ 2)x(M+ 2)(2N+ 2) N Y= NG&
[2]* (24)
=V _ NE= M- (25)
: 2 M+1
a(kl) = Z pak, Ay
Ck p= k1
p+ k
E(]) = Al He
»(25)
(Al_ N)E= M- (26)
Wi(- 1)= hi, Wi (1) = h»
M+ 1 . M+1 .
Wi (- 1) = k_z(;(_ V) = hy, Wi (1) = k_oa;‘j - I,
ar @ (N+1) P (N+1) - Q=1

I'IT ] (2N+2) Xx(2N+ 2)(M + 2) ,

’ |:— In+ 1 GJ
- e I/\°+ ’
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)
QE = = IP

h

. (20

P ERS
o 5= 14" (27)
, Gauss .
1 , —-l<x< 1,-1<y< 1,
wve( %, y) + wy(x,y) =— 320Wsin(4%x)sin(47y),
u(x, £1)= 0, x €/-1,1],
u(- 1,y) = 0, ux(1l,y) = 4Msin(47y), y €[- L 1]

u(x,y) = sin(4Jx )sin( 47y )* 1 N &v

. 2 N °

1 € N 2

N € N t/s

16 4.53% 1073 16 0. 10

24 7.94x 1077 24 0. 14

32 2.21x 10" 12 32 0. 21

40 L. 1x 10710 40 0. 35

2

’

- l< < 1,- 1< y< 1,

Uer(%, ¥) + wy (%, y) + €uct yu= f(x,y),

u(x, ®1)= ¢ x €= 1,1),
u(- Ly)= e’ u(ly)=-¢€",
S(ay)= (2- e+ y)e e
N & . 4
1~ 4 ,
3 € N
N €
16 7.12%x 10~ 4
24 3.86x 1078
32 2.96x 10713
40 2.46% 10~ 13

y €/- 1L1],

u(x7y): e—x+y.
N
2
4

N t/s

16 0. 22

24 0. 26

32 0. 38

40 0. 48
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Numerical Method for Solving Linear Boundary
Value Problems by the Chebyshev Tau Method

Muhammed I. Syam', Hani I. Siyyam’, Qassem Al Moudalal'
(1. Department of Mathematics, Yarmouk University, Irbid_Jordan;
2. Department of Mathematical Science, Jordan University of Science

and Technology, Irbid_Jordan)

Abstract: A new Tau method is presented for the two dimensiona linear boundary value problems.

Theoretical and numerical analyses are presented. These results indicate that our method works
nicely and efficiently.

Key words: boundary value problem; Chebyshev polynomial; Tau method



