
Matrix-Vector Products

Name: Unique ID:

Problem 1. Consider the following linear combination of vectors

−13 ·

 1
−1
2

+ 5 ·

09
3

+ 15 ·

 1
−1
0

+ (−11) ·

 0
−2
1

+ 9 ·

 0
−1
0


Write this linear combination as a matrix-vector product Av. What is the size of A?

Problem 2. Suppose A is 2022× 3. What vector v would we multiply A by if we wanted to subtract four
times the third column of A from the first column of A? Explain.



Problem 3. Suppose A is 3 × 2022. What matrix-vector product subtracts the third row of A from the
first row of A? Hint. The rows of A are the columns of what matrix?

Problem 4. Suppose that A is 4×7 and that v ∈ R7. Define w = Av. If B is a matrix such that Bw ∈ R5,
then what is the size of B?

Problem 5. Suppose that A is n × n and consider v = c1 · v1 + c2 · v2 where v1,v2 ∈ EA(λ). Show that
v ∈ EA(λ). This can be quickly done by filling in the blanks below.

Av = A(c1 · v1 + c2 · v2)

=

=

=

=

Problem 6. Suppose that A is n× n and that v ∈ EA(λ). Calculate Xλv where Xλ = λ · In −A.



Problem 7. Consider the matrix A and the vector v given by

A =


1 2 −5 −3

−4 −8 20 ∗
−1 −2 5 ∗
0 0 0 ∗

 v =


1
v2
−1
0


Note that both A and v are missing entries!

(a) If we assume that A has rank one, then what are the missing entries of A?

(b) If we assume that v is an eigenvector of A, then there are exactly two possibilities for the missing entry
v2 of v. Find the two possible values of v2. In each case, what is the corresponding eigenvalue?


