Chapter 7. Eigenvalues and eigenvectors
[ I. Thefollowing list of commands imitate somehow what one does when computes on paper (without
a computer) the eigenvalues adnn values of a matrix.
> restart;
> wth(linalg):
Warni ng, the protected names norm and trace have been redefined and unprotected

"> A =Matrix([[3,2,4],[2,0,2],[4,2 3]]);
3 2 4

T

A=H2 0 2

L 4 2 3
r> 1d:=Matrix(3,3,shape=identity): Ar: =A-r*Id: eval n(Ar);
r+3 2 4
2 - 2
L 4 2 —++3
> Arc=matrix([[3-r,2,4],[2,-r,2],[4,2,3-r]]);
r+3 2 4

Ar:=H 2 - 2
4 2 —r+3

"> det (Ar);

+3+6r°+15r+8
> factor (% ;
I ~(r-8)(r +1)
[ This shows that the eigenvalues of A are r=8 and r=-1 (double).
R The eigenvalues for r=8:

"> A8: =subs(r=8, eval m(Ar));
5 2 4

AB:=2 -8 2

4 2 -
> x:=[xi 1*exp(8*t), xi 2*exp(8*t), xi 3*exp(8*t)];

x:=[&1 e(St), &2 e(gt), &3 e(8t)]

> A8x:=nul tiply(A8, x);
(8t) (8t) (8t) (81) (81) (8t)
ABx:=[-5¢&le +2¢&2e +4¢&3e ,2&le -8¢&e +2&3e

C az1e 282" -5836""
> sol ve({A8x[ 1] =0, A8x[ 2] =0, A8x[ 3] =0}, {xi 1, xi 2, xi 3});

I {82=¢82,81=2¢82,8§3=2¢2}




----------------- The eigenvectors for r=-1:

> Al: =subs(r=-1, eval m(Ar));

> Alx:=mul tiply(AL, x);
Alx:=

(81) (81) (81) (81) (81) (81) (81) (81) (81)
L [4¢le +2&2e +4¢&3e ,2&le +&2e "+2&3e ,4¢le +2&2e +4E&3e ]

> sol ve({Alx[ 1] =0, Alx[ 2] =0, Alx[ 3] =0}, {xi 1, xi 2, xi 3});

i {€3=83 €1=¢1,§2=-281-2&3}
| Sowe get (1,-2,0) and (0,-2,1) as linearly independent eigenvectors.

Check next the independence of the solutions that are obtained from these elgenvectors:

> W=matrix([[exp(8*t), 1/ 2*exp(8*t), exp(8*t)],[exp(-t),-2*exp(-t), O]
,[0,-2*exp(-t),exp(-t)]1);

ey 1 @y @y
3 e e

" g
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I Ho 26" &R
(> det (W;
9 @y, (172
,e ()

I1. Asusually Maple has its own way of doing things :0)

> restart:w th(Li near Al gebra):
> Ei genval ues(A);

"> Ei genvectors(A);
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> Wi t h(Li near Al gebra): A:=Matrix([[3,2],[2,0]]):Ei genvectors(A);

.




