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Jacobi

cl ear al
a=0. 1,
b=1;
i 0=1;
kap=3;
n=20;
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)"2,1);
a_var =100;
u_l=ones(n,n-1);
ct _j=0;
err_j =1,
while err_j>=le-5
ct_j=ct_j+1
count =0;
for i=1:n
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;
b _0=2*(1+betal/r"2);
b _1=betal/r~2;
b 2=betal/r~2;
b_3=(1+h/(2*r));
b_4=(1-h/(2*r));
if i==1 %oundry C
if j==1 %orner BC
u_2(i,j)=(2/b_0)*(2*b_2*u_1(i+1,j)+2*u_1(i,j+1));




el seif j==(n-1) %corner CD
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_1(i,j-1)+(1+h/(2*r))*(-i 0*b*cos(3.*theta)));
el se
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_1(i,j-21)+(1+h/(2*r))*u_1(i,]+1));
end
end
if j==(n-1) %boundry D
if i==1 %orner CD
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_1(i,j-21)+(1+h/(2*r))*(-i 0*b*cos(3.*theta)));
elseif i==n %orner AD
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2*r))*u_2(i,j-1)+2*b_1*u_1(i-1,j)+(1+h/(2*r))*(-
i O*b*cos(3.*theta)));
el se
u_2(i,j)=(1/b_0)*(b_1*u_1(i
+1,))+b_2*u_1(i-1,j)+(1-h/(2*r))*u_2(i,j-1)+(1+h/(2*r))*(-
i O*b*cos(3.*theta)));
end
end
if j==1 %oundry B
if i==1 %orner BC
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+2*u_1(i,j+1));
el seif i==n %orner AB
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,j)+2*u_1(i,j+1));
el se
u_2(i,j)=(1/b_0)*(b_21*u_21(i+1,j)+2*u_1(i, |
+1)+b_2*u_1(i-1,j));
end
end
if i==n %oundry A
if j==1 %orner AB
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,j)+2*u_1(i,j+1));
el seif j==(n-1) %orner AD
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2*r))*u_2(i,j-1)+2*b_1*u_1(i-1,j)+(1+h/ (2*r))*(-
i O*b*cos(3.*theta)));
el se
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,j)+(1-h/(2*r))*u_2(i,j-1)+(1+h/ (2*r))*u_1(i,]
+1));
end
end
if i~=1 & i~=n && j~=1 && j~=(n-1)
u_2(i,j)=(1/b_0)*(b_1*u_1(i+1,j)+b_2*u_1(i-1,j)+(1-h/
(2%r))*u_1(i,j-21)+(1+h/(2*r))*u_1(i,]+1));
end
end
end
err_j =abs(mean(nmean(u_2-u_1))/nean(nean(u_2)));




co_j(ct_j)=err_j;
lanb_j (ct_j)=nmean(nean(u_2-u_1));
roms_j(ct_j)=rms(rms(abs(u_2-u_1)));
u_l=u_2;
end
sr_j=mean(lanb_j(2:end)./lanb_j(1l:end-1));
con_j =log(co_j(end-1))/log(co_j(end));

[x_ray,y_ray]=pol 2cart(theta_ray, r_ray);

x_mat =r eshape(x_ray, [n-1, (n)]);
y_mat =reshape(y_ray,[n-1,(n)]);

analytic solution
analy= @th,rr) -(rr.”3+0.1.76.*rr.”-3)./(1+0. 1. 76).*cos(3.*th);

ana_u=anal y(theta_ray, r_ray);
ana_mat =r eshape(ana_u,[n-1,(n)]);

contour plot

figure()
pcolor(x_mat,y mat,u_2')
hol d on
contour(x_mat,y mat,u 2')
figure()

pcol or (x_mat,y mat, ana_nat)

Gauss_Seidel

clearvars -except ct_j lamb j sr_j rns_j con_]
a=0. 1;
b=1;
i 0=1;
kap=3;
n=20;
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)"2,1);
a_var =100;
u_l=ones(n,n-1);
ct _gs=0;
err_gs=1,
while err_gs>=le-5

ct _gs=ct _gs+1;

count =0;

for i=1:n

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;
b _0=2*(1+betal/r"2);
b _1=betal/r~2;
b _2=betal/r~2;
b_3=(1+h/(2*r));
b_4=(1-h/(2*r));
if i==1 %oundry C
if j==1 %orner BC
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+2*u_1(i,j+1));
el seif j==(n-1) %corner CD
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*(-i 0*b*cos(3.*theta)));
el se
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*u_1(i,]+1));
end
end
if j==(n-1) %boundry D
if i==1 %orner CD
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*(-i 0*b*cos(3.*theta)));
elseif i==n %orner AD
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2*r))*u_2(i,j-1)+2*b_1*u_2(i-1,j)+(1+h/ (2*r))*(-
i O*b*cos(3.*theta)));
el se
u_2(i,j)=(1/b_0)*(b_1*u_1(i
+1,))+b_2*u_2(i-1,j)+(1-h/(2*r))*u_2(i,j-1)+(1+h/ (2*r))*(-
i O*b*cos(3.*theta)));
end
end
if j==1 %oundry B
if i==1 %orner BC
u_2(i,j)=(1/b_0)*(2*b_1*u_1(i+1,j)+2*u_1(i,j+1));
el seif i==n %orner AB
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
rr2))*(2%b_1*u_2(i-1,j)+2*u_1(i,j+1));
el se
u_2(i,j)=(1/b_0)*(b_21*u_21(i+1,j)+2*u_1(i, |
+1)+b_2*u_2(i-1,j));
end
end
if i==n %oundry A
if j==1 %orner AB
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
rr2))*(2%b_1*u_2(i-1,j)+2*u_1(i,j+1));
el seif j==(n-1) %orner AD
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2*r))*u_2(i,j-1)+2*b_1*u_2(i-1,j)+(1+h/ (2*r))*(-
i O*b*cos(3.*theta)));




el se
u 2(i,j)=(1/(2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,j))+(1-h/(2*r))*u_2(i,j-1)+(1+h/ (2*r)) *u_1(i, ]
+1));
end
end
if i~=1 & i~=n && j~=1 && | ~=(n-1)
u_2(i,j)=(1/b_0)*(b_1*u_1(i+1,j)+b_2*u_2(i-1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/ (2*r))*u_1(i,j+1));
end
end
end
err_gs=abs(mean(nmean(u_2-u_1))/ mean(mean(u_2)));
co_gs(ct_gs)=err_gs;
| anb_gs(ct_gs)=nean(nean(u_2-u_1));
rms_gs(ct_gs)=rns(rnms(abs(u_2-u_1)));
u_l=u_2;
end
sr_gs=nean(l anmb_gs(2:end)./l anmb_gs(1l:end-1));
con_gs=l og(co_gs(end-1))/1og(co_gs(end));

[x_ray,y_ray]=pol 2cart(theta_ray, r_ray);

x_mat =r eshape(x_ray, [n-1, (n)]);
y_mat =reshape(y_ray,[n-1,(n)]);

analytic solution

analy= @th,rr) -(rr.”3+40.1.76.*rr.”-3)./(1+0.1.76).*cos(3.*th);
ana_u=anal y(theta_ ray,r_ray);
ana_mat =r eshape(ana_u,[n-1,(n)]);

contour plot

figure()
pcolor(x_mat,y mat,u_2')
hol d on
contour(x_mat,y mat,u 2')
figure()

pcol or (x_mat,y mat, ana_nat)

Optimal SOR

cl earvars -

except ct j lanb_ j sr_j ct_gs lanb_gs sr_gs rns_j rns_gs con_j con_gs
w=2/ (1+sqrt(1-sr_gs));

%=1,

a=0. 1;

b=1;

i 0=1;

kap=3;

n=20;

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)"2,1);
a_var =100;
u_l=ones(n,n-1);
ct_sor=0;
err_sor=1
while err_sor>=le-5
ct_sor=ct_sor+1
count =0;
for i=1:n
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;
b _0=2*(1+betal/r"2);
b _1=betal/r~2;
b 2=betal/r~2;
b_3=(1+h/(2*r));
b_4=(1-h/(2*r));
if i==1 %oundry C
if j==1 %orner BC
u_2(i,j)=(wb_0)*(2*b_1*u_1(i+1,j)+2*u_1(i,]j
+1)) +(1-w) *u_1(i,j);
el seif j==(n-1) %corner CD
u_2(i,j)=(wb_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*(-i 0*b*cos(3. *theta)))+(1-w)*u_1(i,j);
el se
u_2(i,j)=(wb_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*u_1(i,j+1)) +(1-w) *u_1(i,j);
end
end
if j==(n-1) %boundry D
if i==1 %orner CD
u_2(i,j)=(wb_0)*(2*b_1*u_1(i+1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*(-i 0*b*cos(3. *theta)))+(1-w)*u_1(i,j);
elseif i==n %orner AD
u 2(i,j)=(w (2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2%r))*u_2(i, j-1)+2¥b_1*u_2(i-1,j)+(1+h/ (2*r)) *(-
i 0*b*cos(3.*theta)))+(1-w)*u_1(i,j);
el se
u_2(i,j)=(wb_0)*(b_1*u_1(i
+1,j)+b_2*u_2(i-1,j)+(21-h/(2*r))*u_2(i,j-1)+(1+h/ (2*r)) *(-
i 0*b*cos(3.*theta)))+(1-w)*u_1(i,j);
end
end
if j==1 %oundry B
if i==1 %orner BC




u_2(i,j)=(wb_0)*(2*b_1*u_1(i+1,j)+2*u_1(i,]
+1)) +(1-w) *u_1(i,j);
el seif i==n %orner AB
u 2(i,j)=(w (2*(1l+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,) ) +2*u_1(i, j+1))+(1-w) *u_2(i,j);
el se
u_2(i,j)=(wb_0)*(b_1*u_1(i+1,j)+2*u_1(i, ]
+1)+b_2*u_2(i-1,)))+(21-w)*u_1(i,j);
end
end
if i==n %oundry A
if j==1 %orner AB
u 2(i,j)=(w (2*(1l+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,) ) +2*u_1(i, j+1))+(1-w) *u_2(i,j);
el seif j==(n-1) %orner AD
u 2(i,j)=(w (2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*((1-h/(2%r))*u_2(i, j-1)+2*b_1*u_2(i-1,j)+(1+h/ (2*r)) *(-
i 0*b*cos(3.*theta)))+(1-w)*u_1(i,j);
el se
u 2(i,j)=(w (2*(1+betal/rn2)+2*k*a_var *bet a/
re2))*(2%b_1*u_2(i-1,))+(1-h/(2*r))*u_2(i,j-1)+(1+h/(2*r))*u_1(i,]
+1)) +(1-w) *u_1(i,j);
end
end
if i~=1 & i~=n && j~=1 && | ~=(n-1)
u 2(i,j)=(wb_0)*(b_1*u_1(i+1,j)+b_2*u_2(i-1,j)+(1-h/
(2*r))*u_2(i,j-1)+(1+h/(2*r))*u_1(i,j+1)) +(1-w) *u_1(i,j);
end
end
end
err_sor=abs(nean(nean(u_2-u_1))/ mean(mean(u_2)));
co_sor(ct_sor)=err_sor;
| anb_sor (ct_sor)=nmean(nmean(u_2-u_1));
rms_sor(ct_sor)=rms(rms(abs(u_2-u_1)));
u_l=u_2;
end
sr_sor=mean(l anb_sor(2:end)./lanmb_sor(1l:end-1));
con_sor =l og(co_sor(end-1))/1og(co_sor(end));

[x_ray,y_ray]=pol 2cart(theta_ray, r_ray);

Xx_mat =r eshape(x_ray,[n-1,(n)]);
y_mat =reshape(y_ray,[n-1,(n)]);

analytic solution

analy= @th,rr) -(rr.”3+40.1.76.*rr.”-3)./(1+0.1.76).*cos(3.*th);
ana_u=anal y(theta_ray,r_ray);
ana_mat =r eshape(ana_u,[n-1,(n)]);

contour plot

figure()
pcol or (x_mat,y mat,u_2')




hol d on

contour(x_mat,y mat,u_2")
figure()

pcol or (x_mat,y_mat, ana_nat)

RMS plot

figure()

sem logy(rms_j,"'linew dth', 2)
hol d on

sem | ogy(rms_gs, ' | inew dth', 2)
sem | ogy(rms_sor, "' linew dth',2)

title(' RMS error Low A, N=40','fontsize', 25)

xl abel (" I'teration nunmber','fontsize', 20)

yl abel (" Error',' fontsize', 20)

| egend({" Jacobi',' Gauss seidel','SOR }," ' fontsize', 20)
hol d of f
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