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(4)(4)

> > 

> > 

(1)(1)

> > 

(2)(2)

> > 

(3)(3)

> > 

restart;
Homework 10
with(LinearAlgebra):

Problem 1ad, 3ad on pg 599
A:= Matrix([ [2.0,1.0,1.0],
             [1.0,2.0,1.0],
             [1.0,1.0,2.0] ]);

x:=Vector([-1.0,2.0,1.0]);

for j from 1 to 5 do
y:= x/norm(x,infinity);
x := (A . y);
print(y,x);
od:

As a comparison
Eigenvalues(A);



(6)(6)

(7)(7)

(4)(4)

(5)(5)

> > 

> > 

> > A:= Matrix([ [4.0,1.0,1.0,1.0],
             [1.0,3.0,-1.0,1.0],
             [1.0,-1.0,2.0,0.0],
             [1.0,1.0,0.0,2.0] ]);

x:=Vector([1.0,-2.0,0.0,2.0]);

for j from 1 to 10 do
y:= x/norm(x,infinity);
x := (A . y);
print(y,x);
od:



(8)(8)

(7)(7)

> > 

(4)(4)

As a comparison
Eigenvalues(A);



(7)(7)

> > 

(4)(4)

(11)(11)

(10)(10)

(9)(9)

> > 

> > 

A:= Matrix([ [4.0,2.0,1.0],
             [0.0,3.0,2.0],
             [1.0,1.0,4.0] ]);

x:=Vector([1.0,2.0,1.0]);

for j from 1 to 7 do
y:= x/norm(x,infinity);
x := (A . y);
print(y,x);
od:



(7)(7)

(14)(14)

> > 

(4)(4)

> > 

(15)(15)

> > 

(11)(11)

> > 

(13)(13)

> > 

(9)(9)

(12)(12)

As a comparison
Eigenvalues(A);

A:= Matrix([ [-4.0,0.0,0.5,0.5],
             [0.5,-2.0,0.0,0.5],
             [0.5,0.5,0.0,0.0],
             [0.0,1.0,1.0,4.0] ]);

x:=Vector([0.0,0.0,0.0,1.0]);

Digits:=10;
for j from 1 to 3 do
y:= x/norm(x,infinity);
x := (A . y);
print(y,x);
od:



(7)(7)

> > 

> > 

(4)(4)

(15)(15)

> > 

(11)(11)

(17)(17)

> > 

(9)(9)

(16)(16)

> > 

As a comparison
Eigenvalues(A);

Problems 1, 2 on page 648
restart;
with(plots):
implicitplot([-x1*(x1+1)+2*x2-18,(x1-1)^2+(x2-6)^2-25],x1=-4..6,
x2=-1..15);

g1:= (x1,x2) -> (2*x2-18)/(x1+1);



(7)(7)

> > 

> > 

(4)(4)

(11)(11)

(17)(17)

(9)(9)

(18)(18)

> > 

> > 

(15)(15)

> > 

> > 

(20)(20)
> > 

(19)(19)

g2:= (x1,x2) -> 6.0+sqrt(25.0-(x1-1)^2);

a:= 2.0; b := 11.0;eps:= 10.0^(-5);
for j from 1 to 15 do
x1:=g1(a,b):
x2:=g2(a,b):
if max(abs(x1-a),abs(x2-b)) < eps then print(j,max(abs(x1-a),abs
(x2-b)),x1,x2); fi;
a:=x1;b:=x2;
od:

a:= -2; b := 10.0;eps:= 10.0^(-5);
for j from 1 to 5 do
x1:=g1(a,b):
x2:=g2(a,b):
if max(abs(x1-a),abs(x2-b)) < eps then print(j,max(abs(x1-a),abs
(x2-b)),x1,x2); fi;
a:=x1;b:=x2;
od:

I have cheated here.  -2, 10 is the exact solution.  Other nearby values DO NOT converge.
(In the end I gave up on trying to find an iteration to give this solution.  This illustrates a big flaw of the
method, i.e., it relies heavily on luck)
g1:= (x1,x2) -> -0.5+sqrt(2.0*x2-17.75);
g2:= (x1,x2) -> 6.0+sqrt(25.0-(x1-1)^2);

restart;
with(plots):
implicitplot([x2^2-x1^2+4*x1-2.0,x1^2+3*x2^2-4],x1=-7.0..5,x2=-3.
.3);



(22)(22)

(7)(7)
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> > 

> > 

(4)(4)

(15)(15)

(11)(11)

(21)(21)

(17)(17)

(9)(9)

> > 

g1:= (x1,x2) -> (2.0+x1^2-x2^2)/4.0;
g2:= (x1,x2) -> sqrt(4.0-x1^2)/sqrt(3.0);

a:= 0.0; b := 1.0;eps:= 10.0^(-5);
for j from 1 to 10 do
x1:=g1(a,b):
x2:=g2(a,b):
if max(abs(x1-a),abs(x2-b)) < eps then print(j,max(abs(x1-a),abs
(x2-b)),x1,x2); fi;
a:=x1;b:=x2;
od:



(23)(23)

(22)(22)
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(7)(7)

> > 

> > 

(4)(4)

(15)(15)

> > 

(11)(11)

(24)(24)

(17)(17)

(25)(25)

> > 

(9)(9)

> > 

Problem 1a on page 655
with(LinearAlgebra):
v:= Vector(2);
w := Vector(2);

Newton2D := proc(f,g,v) 
local J11, J12, J21, J22, A,B, w;
with(LinearAlgebra);
J11:=unapply(diff(f(x,y),x),x,y);
J12:=unapply(diff(f(x,y),y),x,y);
J21:=unapply(diff(g(x,y),x),x,y);
J22:=unapply(diff(g(x,y),y),x,y);
A := (x,y) -> Matrix([[J11(x,y),J12(x,y)],[J21(x,y),J22(x,y)]]);
w:= Vector([f(v[1],v[2]),g(v[1],v[2])]);
B:= MatrixInverse(A(v[1],v[2]));
VectorAdd(v,-MatrixVectorMultiply(B,w));
end proc:
f:= (x1,x2) -> 4*x1^2-20.0*x1+x2^2/4.0+8.0;
g:= (x1,x2) -> x1*x2^2/2.0 + 2.0*x1 -5.0*x2+8.0;

v:= Vector([0.0,0.0]);
for j from 1 to 4 do
v:= Newton2D(f,g,v);
od;



(22)(22)

(7)(7)
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(27)(27)

(4)(4)

(15)(15)

> > 

> > 
(26)(26)

(11)(11)

> > 

(17)(17)

(9)(9)

Probl3m 2c on page 655.  I should write a program to do Newton for any dimension, but it is messy to 
do this in Maple!
Newton3D := proc(f,g,h,v) 
local J11, J12, J13, J21, J22, J23, J31, J32, J33, A,B, w;
with(LinearAlgebra);
J11:=unapply(diff(f(x,y,z),x),x,y,z);
J12:=unapply(diff(f(x,y,z),y),x,y,z);
J13:=unapply(diff(f(x,y,z),z),x,y,z);
J21:=unapply(diff(g(x,y,z),x),x,y,z);
J22:=unapply(diff(g(x,y,z),y),x,y,z);
J23:=unapply(diff(g(x,y,z),z),x,y,z);
J31:=unapply(diff(h(x,y,z),x),x,y,z);
J32:=unapply(diff(h(x,y,z),y),x,y,z);
J33:=unapply(diff(h(x,y,z),z),x,y,z);
A := (x,y,z) -> Matrix([[J11(x,y,z),J12(x,y,z),J13(x,y,z)],[J21
(x,y,z),J22(x,y,z),J23(x,y,z)],[J31(x,y,z),J32(x,y,z),J33(x,y,z)]
]);
w:= Vector([f(v[1],v[2],v[3]),g(v[1],v[2],v[3]),h(v[1],v[2],v[3])
]);
B:= MatrixInverse(A(v[1],v[2],v[3]));
VectorAdd(v,-MatrixVectorMultiply(B,w));
end proc:
f := (x,y,z) -> 15.0*x+y^2-4.0*z-13.0;
g := (x,y,z) -> x^2+10*y-z-11.0;
h := (x,y,z) -> y^3-25.0*z+22.0;

v:=Vector(3);
for j from 1 to 5 do
v:= Newton3D(f,g,h,v);
od;
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(27)(27)
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(15)(15)

(11)(11)

(29)(29)
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(17)(17)

> > 

(9)(9)

(30)(30)

> > 

Problem 9 on page 655
f := (x,y,z) -> 3.0*x -cos(y*z) - 0.5;
g := (x,y,z) -> x^2-625.0*y^2 - 0.25;
h := (x,y,z) -> exp(-x*y) + 20.0*z + (10.0*Pi-3.0)/3.0;

v:= Vector([1.0,1.0,-1.0]);

for j from 1 to 10 do
v:= Newton3D(f,g,h,v);
od;
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(22)(22)

(7)(7)
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(27)(27)

(4)(4)

(15)(15)

(31)(31)

(11)(11)
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(30)(30)

Problem 14
F(x)= Ax-b so JF = A and the Newton iteration reduces to 
x --> x - A^{-1}F(x)= x- (x - A^{-1}b) = A^{-1}b, i.e., the solution.

Problem 3a on page 680

restart;
with(LinearAlgebra):
Continue := proc(H1,H2,t_Start,v,h)
local J11, J12, J21, J22, J, H1_t, H2_t, H_t, A,B, w, u;
with(LinearAlgebra);
J11:=unapply(diff(H1(x,y,t),x),x,y,t);
J12:=unapply(diff(H1(x,y,t),y),x,y,t);
J21:=unapply(diff(H2(x,y,t),x),x,y,t);
J22:=unapply(diff(H2(x,y,t),y),x,y,t);
H1_t:=unapply(diff(H1(x,y,t),t),x,y,t);
H2_t:=unapply(diff(H2(x,y,t),t),x,y,t);
J := (x,y) -> Matrix([[J11(x,y,t_Start),J12(x,y,t_Start)],[J21(x,
y,t_Start),J22(x,y,t_Start)]]);
H_t := (x,y) -> Vector([H1_t(x,y,t_Start),H2_t(x,y,t_Start)]);
B:= MatrixInverse(J(v[1],v[2]));
#print(B);
w:= h*H_t(v[1],v[2]);
#print(w);
u:=VectorAdd(v,-MatrixVectorMultiply(B,w));
end proc;
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(27)(27)

(4)(4)
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> > 
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(15)(15)
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(30)(30)

vv:=Vector([0,0]);
f1 := (x,y) -> 4.0*x^2 - 20.0*x + 0.25*y^2 + 8.0;
f2 := (x,y) -> 0.5*x*y^2 + 2.0*x -5.0*y + 8.0;
H1 := (x,y,t) -> t*f1(x,y)+(1-t)*(f1(x,y)-f1(vv[1],vv[2]));
H2 := (x,y,t) -> t*f2(x,y)+(1-t)*(f2(x,y)-f2(vv[1],vv[2]));

with(LinearAlgebra):
N:=2;
h:= 1.0/N;
v:= Vector([0.0,0.0]);
t_Start:=0;
for j from 1 to N do
v:=Continue(H1,H2,t_Start,v,h);
t_Start:=t_Start+h;
print(t_Start,v);
od:
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