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Abstract. In view of the Economic Class of two-dimensional partial differential equation, a two
dimensional scale function was chosen and was applied to the wavelet collocation method.
Simultaneously, the two dimensional scaling basis function was proved satisfy the interpolate
property. And according to two dimensional multi-resolution analysis theory, the approximate
formulas of solutions for the Economic Class of the two dimensional differential equations were
given. The two dimensional partial differential equations were separated by the wavelet collocation
method and the system of ordinary differential equations was built. At last, the system of partial
differential equations was solved. The result was better than the traditional Galerkin method and with
higher precision.

2-D Shannon wavelet collocation method

Supposed the monadic function #(x) to produce multi-resolution analysis, but the monadic

1 2
function¢( Y) produces another multi-resolution analysis, then Viand”1 tensor product accumulates

=V, ev/

1 - _ 2
the space with the" i Because the basis of Vi was {¢(2 X k)} ,out the basis of Vi s

{¢(27jy_l)} 50 the basis of Vi was ¢(2_jx_k)'¢(2_jy_l).The bivar function f ) may be
introduced the

symbol Fis (X’ y): f (2_jx_k’2_j y_l) Recording g(xy)=¢(x)-4(y) o~ {¢j,k,| (X: Y); k,l e Z} Was

the basic of ¥ I Then Vi) forms a multi-resolution analys was in LR xR) But $(%Y) Was the
corresponding scale function, take the Shannon scale function as the example,
sinzx sin
#(xy)=9(x)-9(y)= 2L
namely ZX 7Y The Figure 1. was produced by the tensor product of the
two-dimensional Shannon scale function.

Figl. 2-D Shannon scale function

! National Social Science Fund project (11BJY080) . (14BJL032) and National Science Foundation project
(71340022) . Heilongjiang Province philosophy of social science projects (13B024) and Heilongjiang Provincial
Department of Education Project (12541190).

© 2015. The authors - Published by Atlantis Press 526



1.1. The structure of basis function and its characteristic
Considering the two-dimensional function f (x,y ),and taking the two-dimensional Shannon scale

function to as the basis function, Because the situation of evenly discrete was more convenient than
the non- even discrete. Therefore according to the multi-resolution analysis theory to the

functionf (x,y) in its definition domainl0+ 11x[0 1] (1>0) to carry on the even discrete., and the

unit grid size records for A = 2|_‘ (' j was suitable integer),

Xp =MA, m=0,1,:,2
yn:nA’ n=0,1;72J
Definition basis function was

sin%(x—x ) sin— (y Ya)

Wimn (X' y)= o

X(X_Xm) K(y_yn)
Meanwhile

sin"- (x—x,)

W, (X=X )= p
K(X_Xk)

Theory 1.1. The basis function was satisfied the following properties:
1. Interpolation w,(x —X,)=3,

2. Orthogonality J.j: W (X=X W;(x—xdx = A,
3. Regeneration For any positive integer n satisfing
d"w, (x—x,) d"w; (x; —x,)

jmwj(x—xi) ' “dx=A
- dx" dx"

Proof Here interpolation Clearly, we only proof orthogonality and Regeneration. The Fourier
transform of basis function w;(x—x;) was

T
- fil -—
wj-(m}= A

0 athets

Parseval identical equationconcludes
J.ﬂc WJ(X— Xi) WJ(X_ Xk)dX :ij.ﬂc WJ (w)eix,a)v'\\lj (a)) e,ikadw
. L.

:% iAe"” o= Aw, (6 =%)

Using interpolation concludes J.ij(x—xi) w;(x=xdx =ac, Similarly, Parseval identical

equation was concluded

+00 d ( ) +o0 N . n
[ w,x-x >% ——L W, (@)W, (w)e ™ (i) do
d"w, 0 — %)

dx"

Theoryl.2. the basis function W, (x,.y, ) Was satisfied the interpolation nature ,namely

Wi,mn( m, ! yn1) m,m;,n,n

= %E%Aei”(xi’xk) (ia))nda) =A
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sin%(xml = sin%(ynl -¥,)

Wj,m,n(xmﬁym I T
X(Xml_xm) X(ym_yn)
Proof )1 m =mand n, =n
o m #m or n #n
:5m,ml,n,n1

1.2. The discrete forms of two-dimensional partial differential equations
The Economic Class of the two-dimensional partial differential equation
Lu)=f(xy) 1)
Aazg +2B ou +C azg + D&_u+ Ea—u+ Fu=f(x,y)
OX Oxoy oy OX oy
Theoryl.3 the approximate solution ofu(x,y)isu;(x,y)eV,(x,y)and may express is

2! 2!

UJ(XIV)ZZ Zuj(xr&’ynz)wj, nl,nz(xl y) 2

m=0 n,=0
and u; (x,y) converges u(x,y).

the theory 1.2. was spreaded in where has published in Harbin University of Science
andTechnology journal which was published in 11th volume 1st issue the center article the
two-dimensional situation promotion, its proof was omitted. Making use of formula (2) was used
wavelet collocation method to obtain its discrete form to formula (1),namely

i 2 2 2
i iui (%%, A(xk,,ykz)ia e (Xk"y“2)+23(xk,vkz)7a e (X“"V“Z)w(xk,ykz)ia Yo (k)

n=0 ny=0 aXZ 6x8y éyz

o (x, o (x,
o e )

k,=012,---,2'  k,=012,---,2".

If the system of equations were solved, then we may obtain the approximate solution of
two-dimensional partial differential equation (1) may be obtained.

1.3. Numerical computation of the example

Considering the two-dimensional ellipse partial differential equation.

—Au=f (x,y)eQ=(0,1)x(0,1)
{ u=0 (x,y)eo

including f (x, y)=8z%sin(2zx)sin(2zy) Its analytic solution wasu(x, y) =sin(2zx)sin(2zy)
Its Figure of analytic solution was Fig2.
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Figure2. analytic solution of wavelet collocation method when J = 6 Figure3. was the numerical
solution of wavelet collocation method when j =6 .Figure 3. the numerical solution of wavelet

collocation method when 1 =6 Figure 4. was the numerical solution of traditional Galerkin method.

Fig 4. the numerical solution of traditional Galerkin method
Through the computed result chart, the two-dimensional wavelet collocation method obviously
very well, Although it has the certain error with the analytic solution, the result is better than the
traditional Galerkin method , moreover,it is more convenient and suitable.

2. Conclusions

Using the two-dimensional Shannon wavelet collocation method to discrete the Economic Class of
two-dimensional partial differential equation, a group ordinary differential equation were succinctly
obtained, thus will be reduced the difficulty to the partial differential equation.the result was better
than the traditional Galerkin method .Obviously the resultwas satisfied.
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