
A = QR Factorizations

Name: Unique ID:

Problem 1. Suppose that A is a 2021× 3 matrix whose columns are mutually orthogonal and have lengths
10, 11, and 12 respectively. Find A⊺A.

Problem 2. Suppose that Q1 and Q2 have orthonormal columns. Show that Q = Q1Q2 also has orthonor-
mal columns.



Problem 3. Consider the data

A
1 0

−1 1
1 −4

−1 1

 =

Q
1/2 1/2

−1/2 −1/6
1/2 −5/6

−1/2 −1/6


R[

2 −3
0 3

]
b =


4
2

−6
4


(a) Use the QR-factorization to find the least-squares approximate solution x̂ to Ax = b.

(b) Use the QR-factorization to find the projection of b onto Col(A).

(c) Suppose that {q1, q2, q3, q4} is an orthonormal basis of R4 where {q1, q2} are the two columns of Q.
Which (if any) of the four fundamental subspaces of A do {q3, q4} belong to? Explain.


