
Math 2210 Final

For questions 1-4, read the given information and decide if each statement is True or False. Circle
your answer. You do not need to justify your answer. No partial credit will be given.

1. [3]Consider the set S =









0
0
1



 ,




4/
√
5

1/
√
5

0



 ,




−1/

√
5

2/
√
5

0








.

(a) S is a basis for R3. True False

(b) S is an orthogonal set. True False

(c) The vectors in S are normal. True False

2. [4]Consider the matrix A =

�
1 −3
−3 9

�
.

(a) The equation A�x = �b is consistent for any �b ∈ R2. True False

(b) The equation A�x = �0 has exactly one solution, the trivial solution. True False

(c) A is invertible. True False

(d) The equation A�x = �0 has infinitely many solutions, True False
all of which are non-trivial.

3. [4]Let B = {�b1,�b2} =
��
5
3

�
,

�
−1
−4

��
be a basis for R2 and let �x = −1�b1 + 2�b2.

(a) [�x]B =

�
−1
2

�
. True False

(b) [�x]B =

�
−7
−11

�
. True False

(c) PB =

�
5 −1
3 −4

�
. True False

(d) PB sends �x to [�x]B. True False

4. [5]Let W be a vector space and let B = {�v1, �v2, �v3, �v4} be a basis for some subspace V of W .

(a) The set {�v2, �v3, �v4} is linearly independent. True False

(b) For any �x ∈ V , Span{�v1, �v2, �v3, �v4, �x} = V . True False

(c) For any �x ∈ V , the set {�v1, �v2, �v3, �v4, �x} is linearly independent. True False

(d) The set {�v1, �v2} spans V . True False

(e) dimV ≤ dimW . True False
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5. Answer the following using the matrix below.

A =

�
1 −6
−6 10

�

(a) [2]Compute detA.

(b) [2]Compute A−1.

(c) [2]Find the eigenvalues of A.

(d) [2]Is A diagonalizable? Explain why or why not. If so, you do not need to find the factor-
ization.

(e) [2]Is A orthogonally diagonalizable? Explain why or why not. If so, you do not need to find
the factorization.

(f) [3]What is the quadratic form Q(�x) associated to A?
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6. Answer the following using the matrix below.

A =




1 1 4
2 −2 2
3 0 6





(a) [4]Compute detA.

(b) [4]Compute A−1.
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7. Let A =




2 0 0
1 2 1
−1 0 1



 ∼




1 0 0
0 1 0
0 0 1



.

(a) [7]Use the Gram-Schmidt process to construct and orthogonal basis for ColA.

(b) [7]Find a basis for each eigenspace of A given that the eigenvalues of A are λ = 1 and λ = 2.

(c) [2]Find the P and D used to diagonalize A. You do not need to find P−1.
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8. [8]Use Cramer’s Rule to find a solution to A�x = �b where A is the triangular matrix below and
�b is the vector below. Show all work, no credit will be awarded for any other method.

A =




−1 4 3
0 −3 7
0 0 1



 , �b =




4
0
0





9. [2]Check your answer to the previous question. (If you were unable correct incorrect
to answer the question, take a guess for the solution and show
if your guess is correct or incorrect.)
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10. Let T : R3 → R2 be given by T (�x) = A�x where A =

�
3 1 0
0 −1 2

�
.

(a) [6]Show that T (�x) is a linear transformation.

(b) [3]Is T one-to-one? Explain why or why not.

(c) [3]Find a vector in the range of T . Explain how you know this vector is in the range of T .
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11. Let W = Span{�u1, �u2} and let A be the matrix whose columns are �u1 and �u2.

�u1 =




0
2
2



 , �u2 =




4
1
1



 , �b =




1
−1
1





(a) [3]Find the vector in W closest to �b.

(b) [3]How many least squares solutions does A�x = �b have? How do you know?

(c) [3]Determine a least squares solution to A�x = �b.

12. [3]Construct a 3 × 4 matrix A that is in RREF (row reduced echelon form). Construct A such
that it has linearly dependent columns and A�x = �b is not consistent for every �b ∈ R3.
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13. (a) [6]Let W =

��
2a+ b
c− b

�
: a, b, c ∈ R

�
. Prove or disprove that W is a subspace of R2.

(b) [2]WriteW as a span of vectors. i.e. Find vectors �v1, . . . , �vn such thatW = Span{�v1, . . . , �vn}.
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14. [5]Let B = {1+ t+ t2,−t− t2, t} be a basis for P2. Find the coordinate vector for the polynomial
p(t) = 5t2 + 6t− 1 with respect to B.

Bonus: Write as many equivalences of the invertible matrix theorem as you can. Let A be an
n× n matrix. Then A is invertible if and only if:
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