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clearvars -except err_5 err_10 err_50 err_100 err_150 err_200

a=0. 1;

b=1;

i 0=1;

kap=3;

n=10;

h=(b-a)/(n-1);

k=pi/2/(n-1);

bet a=h"2/ k"2;

a_mat =zeros((n-1)"2);

b_ary=zeros((n-1)"2,1);

b ary 1=zeros((n-1)"2,1);

b ary 2=zeros((n-1)72,1);

count =0

for i=1:n-1

for j=1:n-1

count =count +1;
theta=(i-1)*k
r=(j-1)*h+a
r_ray(count)=r;
theta=(i-1)*((pi/2)/(n-1));
t heta_ray(count) =t het a;
a_mt((i-1)*(n-1)+,(i-1)*(n-1)+j)=-2*(1l+beta/r"2);

% amt((i-1)*(n-1)+,(i-1)*(n-1)+j)=-2*r"2-2*bet a;

% if i==1 && j==

% a mat (1, 2)=((a+h/2)*a)+((a-h/2)*a);

% a_mat (1, n) =2*bet a;

% elseif i==1 & j~=1 && j ~=(n-1)

% amt((i-1)*(n-1)+,(i-1)*(n-1)+j +1)=(r+h/2)*r;

% amt((i-1)*(n-1)+,(i-1)*(n-2)+j-1)=(r-h/2)*r;

% amt((i-1)*(n-1)+,(i)*(n-1)+ )=2*bet a;

% elseif i~=1 & j==1 && i ~=(n-1)

% amt((i-1)*(n-1)+,(i-1)*(n-1)+j +1)=(r+h/2)*r
+(r-h/2)*r;

% amt((i-1)*(n-1)+,(i)*(n-1)+)=beta;

% amt((i-1)*(n-1)+,(i-2)*(n-1)+j)=bet a;




% elseif j==(n-1) && i~=1 && i ~=(n-1)

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j-1)=(r-h/2)*r;

% a mat((i-1)*(n-1)+4j,(i)*(n-1)+ ) =bet a;

% a mat((i-1)*(n-1)+4j,(i-2)*(n-1)+ ) =bet a;

% elseif i==(n-1) && j~=1 && j~=(n-1)

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j +1)=(r+h/2)*r;

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j-1)=(r-h/2)*r;

% a mat((i-1)*(n-1)+4j,(i-2)*(n-1)+ ) =bet a;

% elseif i==1 && j==(n-1)

% a mat((i-1)*(n-1)+4j,(i)*(n-1)+ )=2*bet a;

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j-1)=(r+h/2)*r
+(r-h/2)*r;

% elseif i==(n-1) && j==(n-1)

% a mat((i-1)*(n-1)+4j,(i-2)*(n-1)+ ) =bet a;

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j-1)=(r-h/2)*r;

% elseif i==(n-1) && j==1

% a mat((i-1)*(n-1)+4j,(i-2)*(n-1)+ ) =bet a;

% amt((i-1)*(n-1)+,(i-1)*(n-1)+j +1)=(r+h/2)*r
+(r-h/2)*r;

% el se

% amt((i-1)*(n-1)+,(i-1)*(n-1)+j +1)=(r+h/2)*r;

% amt((i-1)*(n-1)+,(i-1)*(n-21)+j-1)=(r-h/2)*r;

% a mat((i-1)*(n-1)+4j,(i-2)*(n-1)+ ) =bet a;

% a mat((i-1)*(n-1)+4j,(i)*(n-1)+ ) =bet a;

% end

if i==1 %oundry C
if j==1 %orner BC
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1) =2;
amt((i-1)*(n-1)+,i*(n-1)+j)=2*betal/r"2
elseif j==(n-1) % corner CD
amt((i-1)*(n-1)+,i*(n-1)+j)=2*betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
el se
amt((i-1)*(n-1)+,i*(n-1)+j)=2*betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1)=(1+h/ (2*r));
end
end
if j==(n-1) %boundry D
if i==1 %orner CD
amt((i-1)*(n-1)+,i*(n-1)+j)=2*betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
el seif i==(n-1) %orner AD
amt((i-1)*(n-1)+,(i-2)*(n-1)+j)=betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
el se
amt((i-1)*(n-1)+,i*(n-1)+j)=beta/r"2
amt((i-1)*(n-1)+,(i-2)*(n-1)+j)=betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
end
end
if j==1 %oundry B
if i==1 %orner BC
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+ +1)=2;




a mt((i-1)*(n-1)+j,i*(n-1)+)=2*betal/r"2
el seif i==(n-1) %orner AB
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1) =2;
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
el se
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1) =2;
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
a mt((i-1)*(n-1)+j,(i)*(n-1)+)=beta/rn"2
end
end
if i==(n-1) %boundry A
if j==1 %orner AB
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1) =2;
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
el seif j==(n-1) %orner AD
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
el se
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1)=(1+h/ (2*r));
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
end
end
if i~=1 & i~=(n-1) && j~=1 && j~=(n-1)
amt((i-1)*(n-1)+4j, (i-1)*(n-1)+j +1)=(1+h/ (2*r));
amt((i-1)*(n-1)+4j,(i-1)*(n-1)+j-1)=(1-h/(2*r));
a mt((i-1)*(n-1)+j,(i-2)*(n-1)+j)=betal/r"2
a mat((i-1)*(n-1)+j,(i)*(n-1)+j)=beta/r"2
end
if j==(n-1)
b_ary_ 1((i-1)*(n-1)+4j,1)=(1+h/(2*r))*(-
i O*b*cos(3.*theta));

end

if i==(n-1)
b_ary_2((i-1)*(n-1)+j,1)=0;

end

b ary=-(b_ary_1+b_ary_ 2);

end
end
u=a_mat\b_ary;
u_mat =reshape(u,[(n-1),(n-1)]);
[x_ray,y_ray]=pol 2cart(theta_ray,r_ray);
Xx_mat =r eshape(x_ray,[(n-1),(n-1)]);
y_mat =reshape(y_ray,[(n-1),(n-1)]);
% anal ytic sol ution
analy= @th,rr) -(rr.”340.1.76.*rr.”-3)./(1+0. 1. 726).*cos(3.*th);
ana_u=anal y(theta_ray, r_ray);
ana_mat =r eshape(ana_u, [(n-1),(n-1)]);

for n=5

err_5=rns(u' -ana_u);




for n=10

err_10=rns(u' -ana_u);

for n=50

err_50=rnms(u'-ana_u);

for n=100

err_100=rns(Uu' -ana_u);

for n=150

err_150=rns(u' -ana_u);

for n=200

err_200=rns(Uu' -ana_u);

compare RMS

roms_err(1l)=rns(err_5(:));
roms_err(2)=rns(err_10(:));
roms_err(3)=rns(err_50(:));
ros_err(4)=rnms(err_100(:)
ros_err(5)=rnms(err_200(:)

visualization for the solution

[ xx, yy] =meshgri d(0: 0. 0001: 1. 2);
yy=(yy-1.2).*(-1);
mask=zer os(si ze(xx));
mask=(xx. "2+yy."2)."0.5;
mask_t =ones(si ze(mask));
mask_t (mask<0. 1) =NaN
mask_t (mask>1) =NaN
for i=1:size(x_ray,2)
val _mask(:,:,i)=abs(xx-x_ray(i))+abs(yy-y_ray(i));
end
[x_m n, x_idx]=mn(val _mask,[], 3);
for i=1:size(x_idx,1)
for j=1:size(x_idx,2)
map(i,j)=u(x_idx(i,j));
end
end
map_c=map. *mask_t ;
figure()
i magesc(mp_c)

(1))
(1))




contour plot

pcol or (x_mat,y _nmat, u_mat)

% hol d on

% cont our (x_nat,y_mat, u_mat)

title([' Nurmerical solution map N=', nunstr(n)])
figure()

pcol or (x_mat,y_mat, ana_nat)

title(["Analytic solution map N=', nunstr(n)])

var _n=[5, 10, 50, 100, 150] ;

pl ot ((b-a)./var_n,
[err_5,err_10,err_50,err_100,err_150],'linewi dth', 2);
title(' Error versus delta r',' fontsize', 20)

xl abel ("delta r', " fontsize', 18)

yl abel (" RV5', ' fontsize', 18)
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