Example

Consider alinear operator in V5 given by the following matrix:
(0 1 0)
T=-4 4 0

The vector (1,2,1) is transformed into the vector (2,4,2):
0 1 0Y1) (2
-4 4 0} 2 4
2 1 2){1) \2)
which has the same effect as the transformation

2[(1,2,1)=(2,4,2)



Given alinear operator represented by a sguare matrix, how can
we find the vectors, if any, that this operator just extends by A?
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The system (*) is homogeneous and, as such, has only a non-trivial
solution when

a,—A &, ... &,
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R LT
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§

n n-1 —_—
A"+cAT+---+c A+C =0

characteristic polynomial of A




Thereal roots A;,4,,...,A,,0<r <n of
A"+c A" +.o+c A+c =0

are called the eigenvalues of the matrix A and, for each A

(a,=A &, .. &, (%) (0)
Ay azz_/]i A, X, _ 0
. G LY. A NX ) \0)

has a non-trivial solution, which is called the eigenvector of A
corresponding to the eigenvalue A




Example

Find the eigenvalues and elgenvectors of the matrix

(2 1 1)
A=-1 2 -1

2-1 1 1
A-All=| -1 2-1 -1|=0
1 -1 2-)
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Example

Find the eigenvalues and elgenvectors of the matrix

(0 1 0
A=|-4 4 0

A-Al|=|-4 4-]




—2X, + X% = 0

-4x  + 2% = 0
—2X, + X% = 0
—2X, + X = 0

4

Q=TS X =S X, =t

In this case, the eigenvectors form atwo dimensional subspace
generated, for example, by the vectors

u, =(1,2,0),u, =(0,0,1)



