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restart;
Problem 10.1
f:= x-> exp(1+x^2);

-diff(f(x),x$2)+2*f(x)+4*x^2*exp(1+x^2);
0

simplify(%);
0

a:= 0;
b:=1;
alpha:= evalf(exp(1.0));
beta:= evalf(exp(2.0));
p := x-> 1;
q:= x-> 2;
g:= x->-4*x^2*exp(1+x^2);
L:= u->-diff((p(x)*diff(u(x),x)),x)+q(x)*u(x);
U:= f;#solution
simplify(L(U)-g(x));

0
l:= x-> alpha+(x-a)/(b-a)*(beta-alpha);

L(U-l);
evalf(U(a))-l(a);
evalf(U(b))-l(b);

0.
0.

lprint(L(U-l));
-4*x^2*exp(1+x^2)-5.436563656-9.341548542*x
New RHS of diff eq with 0 boundary values.
G:= x-> -4*x^2*exp(1+x^2)-5.436563656-9.341548542*x;#new RHS of diff eq

simplify(L(U-l)-G(x));
0.

with(CurveFitting);

with(LinearAlgebra):
N:= 10;
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h:=1.0/(N+1);
for j from 1 to N do
kn||j:= [a+(j-1)*h,a+j*h,a+(j+1)*h];
od;
for j from 1 to N do
phi||j:= unapply(BSpline(2,x,knots=kn||j),x):
od:
M:= Matrix(N):
for j from 1 to N do for i from 1 to N do
if (abs(j-i)<=1.1) then M(i,j):= int(p(x)*diff(phi||j(x),x)*diff(phi||i(x),
x),x=a+min(i-1,j-1)*h..a+max(i+1,j+1)*h)
+int(q(x)*phi||j(x)*phi||i(x),x=a+min(i-1,j-1)*h..a+max(i+1,j+1)*h): fi:
od:
od:

M;

v:=Vector(N):
for i from 1 to N do 
v(i):= int(G(x)*phi||i(x),x=a+(i-1)*h..a+(i+1)*h): 
od:
v;
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trueSol:=Vector(N):
for j from 1 to N do 
trueSol(j):= evalf(f(a+j*h)):
od:

solution:= LinearSolve(M,v);
for j from 1 to N do 
solution(j):= solution(j)+evalf(l(a+j*h)):
od:

Norm(solution-trueSol)/Norm(trueSol);
Norm(solution-trueSol,1)/Norm(trueSol,1);

0.0003019302429
0.0003498543714

N:= 20;
h:=1.0/(N+1);

for j from 1 to N do
kn||j:= [a+(j-1)*h,a+j*h,a+(j+1)*h];
od;
for j from 1 to N do
phi||j:= unapply(BSpline(2,x,knots=kn||j),x):
od:
M:= Matrix(N):
for j from 1 to N do for i from 1 to N do
if (abs(j-i)<=1.1) then M(i,j):= int(p(x)*diff(phi||j(x),x)*diff(phi||i(x),
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x),x=a+min(i-1,j-1)*h..a+max(i+1,j+1)*h)
+int(q(x)*phi||j(x)*phi||i(x),x=a+min(i-1,j-1)*h..a+max(i+1,j+1)*h): fi:
od:
od:

M;

v:=Vector(N):
for i from 1 to N do 
v(i):= int(G(x)*phi||i(x),x=a+(i-1)*h..a+(i+1)*h): 
od:
v;

trueSol:=Vector(N):
for j from 1 to N do 
trueSol(j):= evalf(f(a+j*h)):
od:

solution:= LinearSolve(M,v);
for j from 1 to N do 
solution(j):= solution(j)+evalf(l(a+j*h)):
od:
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Norm(solution-trueSol)/Norm(trueSol);
Norm(solution-trueSol,1)/Norm(trueSol,1);

0.00007626052033
0.00009088982029

Problem 10.2
restart;
with(LinearAlgebra);
v := Vector(2);
w := Vector(2);

f1:=x1^2/9+x2^2/16-1:
f2:=x1^2/16+x2^2/9-1:
F := proc(f,N,v)
with(LinearAlgebra);
w:= Vector(N);
for k from 1 to N do
w(k):=f||k;
for j from 1 to N do
w(k):= subs(x||j=v(j),w(k)):
od:
od:
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w;
end proc;

Warning, `w` is implicitly declared local to procedure `F`
Warning, `k` is implicitly declared local to procedure `F`
Warning, `j` is implicitly declared local to procedure `F`

F(f,2,v);

JF := proc(f,N,v)
with(LinearAlgebra);
Jac:= Matrix(N);
for a from 1 to N do
for b from 1 to N do
Jac(a,b):= diff(f||a,x||b):
od:
od:
#print(Jac);
for a from 1 to N do
for b from 1 to N do
for j from 1 to N do
Jac(a,b):= subs(x||j=v(j),Jac(a,b)):
od:
od:
od:
Jac;
end proc;

Warning, `Jac` is implicitly declared local to procedure `JF`
Warning, `a` is implicitly declared local to procedure `JF`
Warning, `b` is implicitly declared local to procedure `JF`
Warning, `j` is implicitly declared local to procedure `JF`

v(1):=1;
v(2):=1;
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Newton2:= proc (v,f,N)
with(LinearAlgebra):
w:= Vector(N);
w:= v-MatrixInverse(JF(f,2,v)) . F(f,2,v);
w;
end proc;

Warning, `w` is implicitly declared local to procedure `Newton2`

for j from 1 to 5 do
v:= evalf(Newton2(v,f,2));
od;

v(1)^2/16+v(2)^2/9-1;


