
>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

Three ways to create vectors
u  : =  V e c t o r ( [ 1 , 2 ] ) ;

v  : =  < 2 , 3 > ;

w  : =  V e c t o r ( 3 ) ;

w [ 1 ]  : =  2 ;

f o r  i  t o  3  d o  w [ i ]  : =  i ^ 2 ;  o d :
w;

Vector addition, scalar multiplication and dot product
u+v;

2 * v ;

u . v ;
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Two ways to input matrices
A  : =  M a t r i x ( [ [ 1 , 1 ] , [ 1 , 0 ] ] ) ;

B  : =  M a t r i x ( 2 , 2 ) ;

B [ 1 , 1 ]  : =  1 ;
B [ 1 , 2 ]  : =  2 ;



>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

f o r  i  t o  2  d o  B [ 2 , i ]  : =  i ^ 2 ;  o d ;

B ;

Matrix addition
A+B;

Matrix multiplication - is not commutative in general
A.B;

B.A;

2 *A;

Matrix inverse
1 / A ;

Matrix vector multiplication
A . u ;

The LinearAlgebra package
We'll look at the Determinant, LinearSolve, ReducedRowEchelonForm, 
CharacteristicPolynomial, Eigenvalues, Eigenvectors commands

with(L inearAlgebra) :
Solve  .  Two ways.

A ^ ( - 1 ) . u ;



>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

x  : =  L i n e a r S o l v e ( A , u ) ;

A . x  =  u ;

A ;

Determinant(A);

I 2  : =  I d e n t i t y M a t r i x ( 2 ) ;

B  : =  < A | I 2 > ;

C := ReducedRowEchelonForm(B);

C [ 1 . . 2 , 3 . . 4 ] ;

1 / A ;

C := Character ist icPolynomial (A, lambda);

solve(C=0,lambda);

Eigenvalues(A);



>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

>  >  

E  : =  E i g e n v a l u e s ( e v a l f ( A ) ) ;

E  : =  m a p (  R e ,  E ) ;

Create a visual for the eigenvectors and eigenvalues
w i t h ( p l o t s ) :
a r row(  <1 ,0> ,  sca l ing=const ra ined  ) ;

a r r o w (  < 1 , 0 > ,  < 1 , 1 > ,  v i e w = [ 0 . . 2 , 0 . . 2 ]  ) ;

A  : =  M a t r i x ( [ [ 1 , 2 ] , [ 2 , 1 ] ] ) ;

n  : =  2 5 :
f o r  i  f r o m  1  t o  n  d o
    t h e t a  : =  e v a l f ( 2 * i * P i / n ) ;



>  >  

>  >  

>  >  

>  >  

    u  : =  < c o s ( t h e t a ) , s i n ( t h e t a ) > ;
    u n i t a r r o w [ i ]  : =  a r r o w ( u , c o l o r = y e l l o w ) ;
od:

f r a m e s  : =  [ s e q ( u n i t a r r o w [ i ] , i = 1 . . n ) ] :
d isp lay( f rames) ;

Edit the above code to add code for image vectors v := A.u
n  : =  2 5 :
f o r  i  f r o m  1  t o  n  d o
    t h e t a  : =  e v a l f ( 2 * i * P i / n ) ;
    u  : =  < c o s ( t h e t a ) , s i n ( t h e t a ) > ;
    u n i t a r r o w [ i ]  : =  a r r o w ( u , c o l o r = y e l l o w ) ;
    v  : =  A . u ;
    i m a g e a r r o w [ i ]  : =  a r r o w ( u , v , c o l o r = r e d ) ;
od:

f r a m e s  : =  [ s e q ( u n i t a r r o w [ i ] , i = 1 . . n ) ,  s e q ( i m a g e a r r o w [ i ] , i = 1 . . n ) ] :
d isplay( frames,scal ing=constrained);



>  >  

>  >  

>  >  

>  >  

>  >  

Can you see that the eigenvectors are <1,1> and <1,-1> here?
A ;

Eigenvectors(A);

The columns of the matrix are the eigenvectors.  So <-1,1> and <1,1> are the 
eigenvectors.
Finally, edit the above code to display the unitvector u and image vector v together as a 
single frame.

n  : =  6 1 ;
f o r  i  f r o m  1  t o  n  d o
    t h e t a  : =  e v a l f ( 2 * i * P i / n ) ;
    u  : =  < c o s ( t h e t a ) , s i n ( t h e t a ) > ;
    v  : =  A . u ;
    u n i t a r r o w [ i ]  : =  a r r o w (  u ,  c o l o r = y e l l o w  ) ;
    i m a g e a r r o w [ i ]  : =  a r r o w (  u ,  v ,  c o l o r = r e d  ) ;
    f r a m e [ i ]  : =  d i s p l a y (  [ u n i t a r r o w [ i ] , i m a g e a r r o w [ i ] ]  ) ;
od:

f r a m e s  : =  [ s e q ( f r a m e [ i ] , i = 1 . . n ) ] :
display(frames, insequence=true);



>  >  

>  >  

>  >  

>  >  

>  >  

The power method for computing an eigenvectors
Start with a random vector v and compute A^n v 

v  : =  < 1 . 0 , 0 . 0 > ;
t o  1 0  d o
   v  : =  A . v ;
   d  : =  s q r t ( v [ 1 ] ^ 2 + v [ 2 ] ^ 2 ) ;
   v  : =  v / d ;
od:
v ;

Try u = <0,1>, <0,-1>, <-1,0>
You should find that it always converges to the eigenvector <1,1>.
How can we make it converge to the other eigenvector <-1,1>?
Matrices and Vectors in Maple can have symbolic entries

A  : =  M a t r i x ( [ [ a , b ] , [ b , a ] ] ) ;

Determinant(A);

1 / A ;


