Thm 5.5: A is diagonalizable iff A has n linearly independent eigenvectors.
In particular, if A= PDP~! then the columns in P are n linearly
independent eigenvectors of A and the entries in the diagonal of D are the
corresponding eigenvalues of A.

(=) Suppose A is diagonalizable where A = PDP~1.

>

>

>

We need to show A has n linearly independent eigenvectors.
Let P = [vi,...,vn] and call the diagonal entries of D be A1,..., A,.
We will show \; is an eigenvalue with corresponding eigenvector v;.

Then
AP = PD

Alvi,...,vn] =[v1,...,vn]D
[Avi ... Avp] = [A1v1 ... Apvp]

Thus the columns in P are eigenvectors and the entries in D are eigenvalues of A.
Since P is invertible, its columns form a linearly independent set.
Therefore, A has n linearly independent eigenvectors.
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(<) Suppose A has n linearly independent eigenvectors vy, ..., vy.

» We need to show that A is diagonalizable.

» Form the matrix P = [vi,...,vy] and place the corresponding eigenvalues Ay, . ..

the diagonal of a matrix D.

» Then
AP = Alvi, ..., Vn]
= [Avy ... Av,]
= [A1v1 ... Apvi]
=[v1,...,va]D
= PD

» Since the columns of P are linearly independent, P is invertible.

» Thus A= PDP~! and A is diagonalizable. (J

, Ap on
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Recap

Theorem 5.5: A is diagonalizable iff A has n linearly independent eigenvectors.
In particular, if A= PDP~! then the columns in P are n linearly independent eigenvectors of
A and the entries in the diagonal of D are the corresponding eigenvalues of A.

Theorem 5.6: If Ais n x n with n distinct eigenvalues, then A is diagonalizable.

Note: A may be diagonalizable with less than n distinct eigenvalues if its repeated eigenvalues
have enough linearly independent eigenvectors.
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Classify the origin as a sink (attractor), source (repeller), or saddle for the

dynamical system xy.1 = Axk.

Explain your answer using a plot from Mathematica and the eigenvalues and eigenvectors of A.
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