
(7)(7)

(3)(3)

(8)(8)

> > 

(6)(6)

> > 

(4)(4)
> > 

> > 

(2)(2)
> > 

(5)(5)

> > 

> > 

(1)(1)

> > 

> > 

> > 

> > 

> > 

restart;
Problem 1
f:= p -> (1+2^p+sqrt(2)^p+sqrt(2)^p)^(1/p);

evalf(f(1));#1-norm
5.828427124

simplify(f(2));#2-norm
3

limit(f(p),p=infinity);#infinity-norm
2

plot({f(p),f(p)/(4^(1/p))},p=1..100, y=0..6);

p
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Problem 2
restart;
f := x -> cos(2*x)-sin(2*x);

simplify(diff(f(x),x$2)+4*f(x));
0

f(0); f(3/4*Pi);
1
1

with(LinearAlgebra):
h:=evalf(3/4*Pi)/40;



(9)(9)

> > 

(8)(8)

(10)(10)

(12)(12)

(11)(11)

> > 

(13)(13)

> > 

> > 

> > 

> > 

> > 

xx := Vector(39, i-> i*h);

y:= Vector(39);
r:=Vector(39);

r(1):= -1;
r(39):= -1:
for j from 2 to 38 do
r(j):= 0: od: 

A:= Matrix(39):
for j from 1 to 39 do
A(j,j):= -(2.0-4.0*h^2): od:
for j from 1 to 38 do
A(j,j+1):=1.0:
A(j+1,j):=1.0:
od:
y:=LinearSolve(A,r);

ff:= Vector(39, i-> evalf(f(xx(i))));



> > 

(8)(8)

> > 

> > 

(17)(17)

(15)(15)

> > 

(22)(22)

> > 

> > 

(21)(21)

(23)(23)

(20)(20)

> > 

(14)(14)

> > 

(16)(16)
> > 

> > 

(19)(19)

(18)(18)
> > 

> > 

evalf(Norm(y-ff,1)/Norm(ff,1));
0.001862810849

Problem 3
restart;
f := x -> 1/(x+4);

simplify(diff(f(x),x$2)-2*f(x)^3);
0

f(1); f(2);
1
5
1
6

with(LinearAlgebra):

h:=0.04;
yy:= Vector(25):
ff:= Vector(25):

dsys := t-> {diff(y(x), x$2) -2*y(x)^3 = 0, diff(yt(x), x$2) -6*yt(x)*y(x)
^2 = 0, y(1) = 0.2, D(y)(1)=t,yt(1)=0,D(yt)(1)=1};

F:= t -> dsolve(dsys(t),numeric,method = rkf45, relerr = 1.*10^(-8),output 
= listprocedure);

g :=  t-> eval(y(x), F(t))-1/6.0;
gt := t -> eval(yt(x),F(t));

g(0.3)(2.0);gt(0.3)(2.0);#just testing syntax
0.366679016979404
1.13773614017161

t:=0.3;
for j from 1 to 8 do 
t := t- g(t)(2.0)/gt(t)(2.0);
od;
g(t)(2.0);



(26)(26)

(8)(8)

> > 

> > 

> > 

> > 

(23)(23)

> > 

(29)(29)

(14)(14)

> > 
(25)(25)

> > 

(24)(24)

(28)(28)

> > 

(27)(27)

> > 

0.
relative error at x=2.0
abs(g(t)(2.0))/ln(2.0);

0.
for j from 1 to 25 do
z:= eval(y(x), F(t))(1.0+j*h);
yy(j):=z;
ff(j):= 1/(5+j*h);
od:
Norm(yy-ff,1)/Norm(ff,1);

yy-ff;

abs(yy(25)-1/6)/(1/6);

Problem 4
restart;
with(LinearAlgebra);

A:= Matrix(
[
[0.1,0.1+I,0.6,0.3],



(29)(29)

(34)(34)

(14)(14)

(30)(30)

(8)(8)

(31)(31)

> > 

> > 

> > 

> > 

> > 

> > 

(33)(33)

(23)(23)

(32)(32)

> > 

> > 

[0.1,I,0.2,0.2],
[0,0.1,0.4,0.1]
]);

Rank(A);
2

U, S, Vt := SingularValues(A, output = ['U', 'S', 'Vt']):
U;
S;
Vt;

Sigma:= Matrix(3,4);

for j from 1 to 3 do Sigma(j,j):=S(j); od:
Sigma;

U . Sigma .Vt-A;



> > 

> > 

(29)(29)

(34)(34)

(14)(14)

(36)(36)

(8)(8)

> > 

(38)(38)

> > 

> > 

> > 

> > 

> > 

> > 

(23)(23)

(35)(35)

(37)(37)

The first two columns of U are orthonormal and span the range of A
V:= HermitianTranspose(Vt);

e1:= Vector(4):
e2:=Vector(4):
for j from 1 to 4 do
e1(j):= V(j,3):
e2(j):= V(j,4):
od:
A . e1;#checking they are truly the nullspace

A . e2;#checking they are truly the nullspace

Problem 5
restart;
with(LinearAlgebra);



(42)(42)

(8)(8)

> > 

> > 

(40)(40)

(43)(43)

> > 

> > 

(44)(44)

> > 

> > 

> > 

(23)(23)

> > 

> > 

(39)(39)

(29)(29)

(34)(34)

(14)(14)

> > 

> > 
> > 

(38)(38)

> > 

> > 

(45)(45)

> > 

(41)(41)

> > 

(46)(46)

> > 

Digits:=20;

N:=11:
v:=Vector(N):

for j from 1 to N do v[j]:=j-1: od:
V:= evalf(Matrix(N,shape=Vandermonde[v]));#Matrix(N,shape=Vandermonde[v]);#

evalf(ConditionNumber(V,2));

e,T := Eigenvectors(V):
e;
DiagonalMatrix(e);

Norm(MatrixInverse(T) . V . T - DiagonalMatrix(e));

ConditionNumber(evalf(T));
17.515860587456370106

Problem 6
restart;
with(LinearAlgebra):
Digits:=20;

N:=11:
v:=Vector(N):

for j from 1 to N do v[j]:=exp(2.0*Pi*(j-1)*I/11): od:
A:= evalf(Matrix(N,shape=Vandermonde[v]));



> > 
(47)(47)

> > 

(29)(29)

(34)(34)

(14)(14)

(8)(8)

> > 

> > 

(38)(38)

> > 

> > 

(49)(49)

> > 

(23)(23)

(46)(46)

(50)(50)

(48)(48)

ConditionNumber(A,2);
1.0000000000000000006

e,g := Eigenvectors(A):
e;
DiagonalMatrix(e);

Norm(MatrixInverse(g) . A . g - DiagonalMatrix(e));

ConditionNumber(g);
20.536185756285849237


