
Sample Test 2 cot4501 Numerical Analysis

ID:

Name:

No computers or calculators. 1 page of notes.
If you need to make a simple, reasonable assumption to arrive at an answer then state any such assumption.
Write answers cleanly on the space provided. Use the back of the previous page if more space is needed.

1 Least Squares
• In solving a linear least squares problem Ax ≈ b, if the vector b lies in the column space of the

matrix A, then the residual is 0. Is this true or false? Give a brief example to illustrate your choice.

• Let Q be a 2× 2 orthogonal matrix such that Q[ 11 ] = [ α0 ]. What is the value of α?

• For a least squares problem, Ax ≈ b, it is not usually the case that b lies in span(A). However, for
the least squares solution x, the vector y ∈ span(A) is as close to b as possible, and thus the residual
is orthogonal to span(A). Use this fact to derive the Normal Equations.

• What is the pseudoinverse of the following matrix?[
1 0
0 0

]
?
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• If ε > 0, what is the pseudoinverse of the following matrix?[
1 0
0 ε

]
?

• What do these results imply about the conditioning of the problem of computing the pseudoinverse
of a given matrix?

2 Eigenvalues
Given a square matrix A. What method should be used to compute

• The smallest eigenvalue of A.

• The largest eigenvalue of A.

• The eigenvalue of A closest to some specified scalar β?

• All of the eigenvalues of A?

Show that a matrix A is singular if and only if it has an eigenvalue equal to zero.

3 Iterated Linear approximation (Newton’s method)
Write out Newton’s iteration for solving

• x3 − 2x = 5.

• x sin(x) = 1.


	 Least Squares
	Eigenvalues
	Iterated Linear approximation (Newton's method)

