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5.2 The Characteristic Equation

5.2.1 The Eigenvalue Problem |)\_, ‘S @ VLU‘/VV\’M

We would like to find solutions to

where A is a constant. In these cases multiplication by the matrix is the same as multiplication
by a constant. These constants [ A ) are called eigenvalues and their associated vectors [ ¥ ) are
called eigenvectors.

So how do we find eigenvalues and eigenvectors?
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Step 1: Solve equation (2) for the eigenvalues A

Step 2: The eigenvectors are the solutions to equation (1) for a particular value of A, D g @ /_‘/o
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Example 5.2.1. Find all eigenvalues mii eigenvectors for A r] and find a basis for the
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eigenspace for the solution.
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Characteristic Equation

Definition 5.3. The equation

is called the characteristic equation of the matrix A. A scalar A is an eigenvalue of an

n ¥ n matrix A if and only if A is a solution to the characteristic equation of A

Example 5.2.2. Find the characteristic equation of
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Note that the factor (7T — A) and the eigenvalue A = 7 appear twice. The eigenvalue 7 is said to
have multiplicity 2.
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Example 5.2.4. ind the characteristic equation, the eigenvalues and the eigenvectors of
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Example 5.2.5. Find the characteristic equation, the eigenvalues and the eigenvectors of
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5.2.2 Eigenvalue Properties

Eigenvalue Properties

Some properties of eigenvalues and eigenvectors (Figenpairs)
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1. Eigenvectors are not unique. (,0)7‘- l V7\) + l - O
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2. A matrix can have a zero eigenvalue
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3. A real matrix may have one or more complex eigenvalues and eigenvectors. l -2 ?\ + >\, -
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. Eigenvectors corresponding to distinet eigenvalues are linearly independent.
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The Invertible Matrix Theorem (continued) >\ /\

The Invertible Matrix Theorem (continued) ]\ L) \ _ 2
Let A be an n x n matrix. Then the following statements are equivalent to the statements — / —

found in the Invertible Matrix Theorem given in Chapter 2 (including the statement that A

is invertible):

5. The number 0 is not an eigenvalue of A.

t. The determinant of A is not zero.

Example 5.2.6. Find the eigenvalues, eigenvectors and a basis for the eigenspace for

'
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