ENGR 4/695 Advanced Topics in Engineering Mathematics Fall 2026

Lecture Outline for Friday (1:00 pm lecture), Sept. 18, 2026

1. One application of eigenvalues and eigenvectors: More efficient matrix multiplication

a. Suppose that you know the eigenvalues of eigenvectors of N x N matrix 4 (they have
been precalculated). To multiply a known vector v by 4, first express v as a linear
combination of the eigenvectors {x;} so that

Multiplying v by 4 is equivalent to

N N N
Av = A(Z aixij = ZaiAxl. = Zai/”tixi
i=1 i=1 i=1

2. Eigensystem insights and expectations

A, =Ax, — AX=XA
Eigenvalues can repeat, and one or more can be zero.

Eigenvectors associated with 4 = 0 can be non-zero.
An eigenvector multiplied by a scalar constant is still an eigenvector:

A(kx)=A(kx,) - kdx,=kix, — Ax, = 2x,

e. Ax,=Ax, — (A-AI)x, =0 can be used to find eigenvalues and eigenvectors.
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3. Some basic theorems

a. If A4 is square with real entries, then any complex eigenvalues/eigenvectors come in
conjugate pairs.

b. If 4 is square, then 0 is an eigenvalue iff (if and only if) 4 is singular.

det(4) = LidaAs... An

d. If A is nonsingular and A is an eigenvalue, then 1/4 is an eigenvalue of 4”!; both
eigenvalues have the same corresponding eigenvectors.

e. Eigenvalues of upper/lower-triangular and diagonal matrices are the diagonal values.
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