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We seek the solution to 
∂2 T /∂ x2      ∂ 2T /∂ y2    = 0                                   (1)

by iterating

 T(i,j) = (1/4) * (T(i+1,j)    T(i-1,j)  T(i,j+1) T(i,j-1) )      (2)

where (i,j) are interior points.

The problem is posed for a square region in the figure

with solution is T(x,y) = xy.

The boundaryconditions are given and the numbering of the points as used in the MATLAB code ( below) . The origin is (i,j) = (1,1).

Let the square be 1 meter in size and ∆x =1 / 4 m.
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MATLAB CODE

% Laplace equation...T(x,y) = xy   in a square region of legth L

narray=5; nstep=narray-1;niter=10;length=1.;

dx=length/nstep; dy=dx;

%bc conditions

for i=[1:1:narray]; 

    x=dx*(i-1) ; y=dy*(i-1)

T(1,i)=0.;  T(i,1)=0; T(narray,i)=y ; T(i,narray)=x ;

end

for it=[1:1:niter];

for i=[2:1:narray-1];

for    j=[2:1:narray-1];

  T(i,j)= .25*(T(i-1,j) + T(i+1,j) + T(i,j-1) + T(i,j+1) ); 

end

end

end

for i=[1:1:narray];

    j=[1:1:narray];

    x=dx*(i-1); y=dy*(j-1); Tcorrect=x*y;

    i,j,T(i,j),Tcorrect

end

We show the results after 10 iterations.
i =

     1

j =

     1     2     3     4     5

ans =

     0     0     0     0     0

Tcorrect =

     0     0     0     0     0

i =

     2

j =

     1     2     3     4     5

ans =

         0    0.0625    0.1250    0.1875    0.2500

Tcorrect =

         0    0.0625    0.1250    0.1875    0.2500

i =

     3

j =

     1     2     3     4     5

ans =

         0    0.1250    0.2500    0.3750    0.5000

Tcorrect =

         0    0.1250    0.2500    0.3750    0.5000

i =

     4

j =

     1     2     3     4     5

ans =

         0    0.1875    0.3750    0.5625    0.7500

Tcorrect =

         0    0.1875    0.3750    0.5625    0.7500

i =

     5

j =

     1     2     3     4     5

ans =

         0    0.2500    0.5000    0.7500    1.0000

Tcorrect =

         0    0.2500    0.5000    0.7500    1.0000
