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[x,y]=meshgrid(-900:1000,-900:1000); 

[th,r]=cart2pol(x - 75,y - 50); 

Img=sin(r/3 + th); 

imagesc(Img); 

colormap(hot); 

axis equal; 

axis off 



Problem： 
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Theoretical analysis： 

                                    

      
               

   
 

      
    

  
       

  
  

  
 

                                     

                                                            

       
     

  
        

  
  

  
 

             

            
   

            
  

  
 

             
                     

   
 

                                                 

    
   

   
 
   

   
         

                        

                                

              
                           

   
       

              
                           

   
       

                              

      

          
                           

   

 
                           

   
       

                            

                                             

        
 

 
                                            

 



Matlab Code： 

 

clear ;clc; 

 

a = input('Please input a:');     % input a 

b = input('Please input b:');     % input b 

Vo = 100;     % Vo = 100 at x=0 

 

x = 0 : 0.02 : a;     % the interval of x is 0.02 

y = 0 : 0.02 : b;     % the interval of y is 0.02 

 

[X,Y] = meshgrid(x,y);     % make x and y line space a two dimention matrix 

 

V(2:length(x), 1:length(y)) = 0;     % the initial value of x>2 is 0  

V(1, 1:length(y)) = Vo;     % the initial value of x=1 is Vo 

  

% original equation at p.182 eq.4-114 

% V=4*Vo/pi*((sinh((n*pi*(a-X))/b))/n*sinh((n*pi*a)/b)*Y); 

 

for (k = 1 : 1 : 10000)    % number of iteration 

    for (i = 2 : 1 : length(x)-1) 

% from x = 2 to margin-1, beacause margin is 0 

        for (j = 2 : 1 : length(y)-1) 

% from y = 2 to margin-1 for margin is 0 

            V(i, j)=(1/4)*(V(i+1, j)+V(i-1, j)+V(i, j+1)+V(i, j-1)); 

            % claculate the average V around V 

        end 

    end 

end 

 

subplot(2, 1, 1), mesh(X,Y,V'), colorbar;     % plot the mesh pic 

subplot(2, 1, 2), contour(X,Y,V'), colorbar;     % plot the contour pic 

% V' is for correction, beacause array claculate from rows to column 

 

 

 

 



Result： 

Mesh & Contour Picture 

 

 

 

Use pdetool 
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Improvement： Using matrix 
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clear all; clc; 

a = 5; 

b = 2; 

Vo = 100;  

x = 0 : 0.02 : a; 

y = 0 : 0.02 : b; 

[X,Y] = meshgrid(x,y);  

V(2:length(x), 1:length(y)) = 0;  

V(1, 1:length(y)) = Vo; 

tic    % time to count 

for (k = 1 : 1 : 10000) 

    for (i = 2 : 1 : length(x)-1) 

        for (j = 2 : 1 : length(y)-1) 

            V(i, j)=(1/4)*(V(i+1, j)+V(i-1, j)+V(i, j+1)+V(i, j-1)); 

        end 

    end 

end 

toc    % end counting 

 

      ： 

Elapsed time is 37.339221 seconds. 

 

                                                                             

 

clear all; clc; 

h = 0.02; 

a = 5; 

b = 2; 

x = 0 : h : a; 

y = 0 : h : b; 



n_x = length(x); 

n_y = length(y); 

V = zeros(length(x), length(y)); 

% itialize all entry in this matrix to be zero 

V(1, 1:length(y)) = 100; 

% itialize boundary condition, x=1 -> V=Vo 

% matrix calculaition 

tic 

for (n = 2 : 10000) 

  V(2:n_x-1, 2:n_y-1)=(V(1:n_x-2,2:n_y-1)+ V(3:n_x, 2:n_y-1)+ V(2:n_x-1, 

1:n_y-2)+V(2:n_x-1, 3:n_y))/4; 

end 

toc 

 

      ： 

Elapsed time is 5.709953 seconds. 
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Full program code： 

 

clear all; clc; 

  

a = input('Please input a:');     % input a 

b = input('Please input b:');     % input b 

Vo = 100;     % Vo = 100 at x=0 

  

x = 0 : 0.02 : a;     % the interval of x is 0.02 

y = 0 : 0.02 : b;     % the interval of y is 0.02 

  

[X,Y] = meshgrid(x,y);     % make x and y line space a two dimention matrix 

  

V(2:length(x), 1:length(y)) = 0;     % the initial value of x>2 is 0  

V(1, 1:length(y)) = Vo;     % the initial value of x=1 is Vo 

  

% original equation at p.182 eq.4-114 

% V=4*Vo/pi*((sinh((n*pi*(a-X))/b))/(n*sinh(n*pi*a)/b))*sin(n*pi*y /b) 

  

tic    % time to count 

  

for (k = 1 : 1 : 10000)    % number of iteration 

    for (i = 2 : 1 : length(x)-1) 

    % from x = 2 to margin-1, beacause margin is 0 

        for (j = 2 : 1 : length(y)-1) 

    % from y = 2 to margin-1 for margin is 0 

            V(i, j) = (1/4)*(V(i+1, j)+V(i-1, j)+V(i, j+1)+V(i, j-1)); 

            % claculate the average V around V 

        end 

    end 

end 

 

toc    % stop counting 

 

subplot(2, 2, 1), mesh(X,Y,V'), xlabel('x'), ylabel('y'), colorbar; 

title('Use for loop'); 

subplot(2, 2, 3), contour(X,Y,V'), xlabel('x'), ylabel('y'), colorbar; 



  

% Use matrix to improve the program to be effectively 

  

clear all; 

h = 0.02; 

a = input('\nPlease input a:');     % input a 

b = input('Please input b:');     % input b 

  

x = 0 : h : a; 

y = 0 : h : b; 

n_x = length(x); 

n_y = length(y); 

V = zeros(length(x), length(y)); 

% itialize all entry in this matrix to be zero 

V(1, 1:length(y)) = 100; 

  

tic    % time to count 

  

for (n = 2 : 10000) 

  V(2:n_x-1, 2:n_y-1) = (V(1:n_x-2, 2:n_y-1) + V(3:n_x, 2:n_y-1) + 

V(2:n_x-1, 1:n_y-2) + V(2:n_x-1, 3:n_y)) / 4; 

end 

  

toc    % stop counting 

  

[X Y] = meshgrid(x, y); 

subplot(2, 2, 2), mesh(X,Y,V'), xlabel('x'), ylabel('y'), colorbar; 

title('Use matrix calculation'); 

subplot(2, 2, 4), contour(X,Y,V'), xlabel('x'), ylabel('y'), colorbar 

 

 

 

 

 

 

 

 

 



Another method： 

                                                                        

       
   
 

 
     

       
 

 

      
   
 

 
   

  

 
 

 

     

                       

                                                                                 

                                                                                

                                  

 

The Matlab code： 

 

clear; clc; 

  

a = input('Please input a:');     % input a 

b = input('Please input b:');     % input b 

  

Vo = 100; 

x = 0.02 : 0.02 : a-0.02; 

y = 0.02 : 0.02 : b-0.02; 

[X Y] = meshgrid(x, y); 

Va = 0; 

  

for (m = 1 : 10) 

    n = (2*m-1); 

    Va = Va + 

4*Vo/pi.*sin(Y.*n*pi./b).*sinh((n*pi.*(a-X)./b))./(n.*sinh(n*pi.*a./b

)); 

    % V=4*Vo/pi*((sinh((n*pi*(a-X))/b))/(n*sinh(n*pi*a)/b))*sin(n*pi*y 

/b) 

end 

  

x = 0 : 0.02 : a; 

y = 0 : 0.02 : b; 

nx = length(x);ny=length(y); 

V = zeros(ny,nx); 

V(2 : ny-1, 2 : nx-1) = Va; 



V(1 : ny, 1) = 100; 

  

[X Y] = meshgrid(x, y); 

subplot(2, 1, 1), mesh (X, Y, V), xlabel('X'), ylabel('Y'); 

subplot(2, 1, 2), contour(X, Y, V), xlabel('X'),ylabel('Y'); 

colorbar 
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