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1. Determine h and k such that the solution set of the following system is empty.

x1 + 3x2 = k

4x1 + hx2 = 8

a)⋆ h = 12, k 6= 2

b) h = 12, k = 2

c) h 6= 12, k 6= 2

d) h 6= 12, k = 2

2. Let v1 =





1
0

−2



, v2 =





−3
1
8



, and y =





h
−5
−3



. For what value(s) of h is y in

Span{v1,v2}?

a) h =
3

2

b) h =
1

4

c)⋆ h = −7

2

d) All real numbers

3. Suppose AB =

[

5 4
−2 3

]

and B =

[

7 3
2 1

]

. Find A.

a) A =

[

1 −3
−2 7

]

b) A =

[

11 −17
−27 41

]

c) A =

[

13 43
4 18

]

d)⋆ A =

[

−3 13
−8 27

]
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4. If det





a b c
d e f
g h i



 = 8, what is det





a b c
3g + a 3h + b 3i + c

d e f



?

a) 8

b)⋆ −24

c) 24

d) −8

5. Find the determinant of












9 1 9 9 9
9 0 9 9 2
4 0 0 5 0
9 0 3 9 0
6 0 0 7 0













.

a) 0

b) −2

c)⋆ −12

d) 12

6. Let A be an invertible n × n matrix. Which of the following statements is not necessarily
true?

a) The equation Ax = b has at least one solution for each b in R
n.

b) AT is invertible.

c) Col A = R
n.

d)⋆ The number 0 is an eigenvalue of A.
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7. Let A =

[

6 1
3 4

]

. Which of the following matrices is similar to A?

a)⋆

[

7 0
0 3

]

b)

[

6 0
0 4

]

c)

[

1 0
0 3

]

d) None of the above.

8. Which of the following is a unit vector in the same direction as v =





−1
2
1



?

a)





−
√

6√
6/3√

6





b)⋆





−
√

6/6√
6/3√
6/6





c)





−1/6
1/3
1/6





d) v is already a unit vector.
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9. Which of the following statements is always true?

a) An n × n symmetric matrix has n distinct real eigenvalues.

b) An orthogonal matrix is orthogonally diagonalizable.

c) If P is an n × n matrix with orthogonal columns, then P T = P−1.

d)⋆ Every symmetric matrix is orthogonally diagonalizable.

10. Find the matrix of the quadratic form 8x2

1
+ 7x2

2
− 3x2

3
− 6x1x2 + 4x1x3 − 2x2x3.

a)⋆





8 −3 2
−3 7 −1

2 −1 −3





b)





8 −6 4
0 7 −2
0 0 −3





c)





−3 4 7/2
4 2 −3/2

7/2 −3/2 −1





d)





8 2 −3
2 7 −1

−3 −1 −3





11. Find the equation y = β0 + β1x of the least-squares line that best fits the data points
(0, 1), (1, 1), (2, 2), (3, 2).

a)⋆ y = .9 + .4x

b) y = 4.5 + 9.5x

c) y = .4 + .9x

d) y = 9.5 − 4.5x
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12. Find the characteristic polynomial of the following matrix:

A =





−2 0 3
1 5 −1
2 0 4



 .

a) (−2 − λ)(5 − λ)(4 − λ)

b)⋆ (5 − λ)(λ2 − 2λ − 14)

c) λ3 + 5λ2 + 6λ − 14

d) 5(λ2 − 2λ − 14)

13. For what value of h are the vectors





2
2

−1



,





0
4
0



,





h
5
6



 linearly independent?

a) h 6= 12

b)⋆ h 6= −12

c) h = −12

d) h = −10

14. Let T : R
2 → R

2 be a linear transformation such that T

([

1
0

])

=

[

3
7

]

and T

([

0
1

])

=
[

2
5

]

. What is T−1

([

1
2

])

?

a)

[

8
10

]

b)

[

−8
10

]

c)⋆

[

1
−1

]

d)

[

2
−4

]
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15. If A =





1 0 −1
3 −1 0
0 −1 1



, find the second column of A−1.

a)





1
1

−1





b)⋆
1

2





1
1
1





c)





−1
1

−1





d)
1

2





−1
1

−1





16. Find the coordinate vector of x relative to the basis {v1,v2}

where x =





−3
0
5



, v1 =





7
4

−3



, v2 =





−5
−2

4



.

a)⋆

[

1
2

]

b)

[

−2
1

]

c)

[

−3
2

]

d)

[

−3
−2

]
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17. What is the rank of a 3 × 6 matrix whose null space is 4-dimensional?

a) 1

b)⋆ 2

c) 3

d) 4

18. Find the eigenvalues of





4 0 1
−2 1 0
−2 0 1



.

a) 1, 1, 2

b) 1, 2, 2

c) 1, −1, 2

d)⋆ 1, 2, 3

19. Given the diagonalized matrix A =

[

1 2
2 1

]

=

[

−1/
√

2 1/
√

2

1/
√

2 1/
√

2

] [

−1 0
0 3

] [

−1/
√

2 1/
√

2

1/
√

2 1/
√

2

]

,

compute A10.

a)
1

2

[

310 − 1 310 + 1
310 + 1 310 − 1

]

b)
1

2

[

310 − 1 310 − 1
310 − 1 310 + 1

]

c)⋆
1

2

[

310 + 1 310 − 1
310 − 1 310 + 1

]

d)
1

2

[

310 + 1 310 + 1
310 + 1 310 − 1

]
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20. What is the distance between u =





3
2
1



 and v =





2
−1

2



?

a) 3

b)
√

10

c)
√

12

d)⋆
√

11

21. Find the orthogonal projection of x onto Span{v1,v2}

where x =





−1
4
3



, v1 =





1
1
0



, and v2 =





−1
1
0



.

a)⋆





−1
4
0





b)





3
1
0





c)





0
−1

2





d)





−2
2
1




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22. If A is an n×n square matrix, and I denotes the n×n identity matrix, which of the following
statements is not necessarily true?

a)⋆ If the columns of A form an orthogonal set, then A is an orthogonal matrix.

b) If AAT = I, then A is an orthogonal matrix.

c) If A is an orthogonal matrix, its determinant must be ±1.

d) If A is an orthogonal matrix, the linear transformation x 7→ Ax preserves lengths and
orthogonality.

23. Which of the following statements is not true?

a) An n × n matrix that is orthogonally diagonalizable must be symmetric.

b) For any matrix A, AT A is symmetric.

c) If A is symmetric, any two eigenvectors of A corresponding to different eigenvalues
must be orthogonal.

d)⋆ If A and B are symmetric matrices, AB must also be symmetric.

24. Find the least-squares solution for the system Ax = b where A =





1 3
2 3
3 3



 and b =





2
3
3



.

a)⋆

[

1/2
5/9

]

b)

[

1/2
10/9

]

c)

[

1/2
7/9

]

d)

[

1/2
1/9

]



MATH 220 EXAM 2, VERSION A PAGE 11

25. Let v1 =





1
1
1



, v2 =





1
−1
0



, v3 =





1
1
−2



, and v =





x
y
z



. Which of the following

correctly express v as a linear combination of v1, v2 and v3?

a) v =
x + y + z

2
v1 +

x − y

3
v2 +

x + y − z

5
v3

b) v =
x + y + z

7
v1 +

x + y − 2z

4
v2 +

x − y

2
v3

c)⋆ v =
x + y + z

3
v1 +

x − y

2
v2 +

x + y − 2z

6
v3

d) v =
x − y − z

3
v1 +

x − y

7
v2 +

x − y + 2z

6
v3

26. Let W = Span{v1,v2} where v1 =









1
0
2
0









and v2 =









2
0
6
0









. Which of the following vectors

belong to the orthogonal complement of W ?

a)⋆









0
8
0
9









and









0
2
0
17









b)









1
12
0
0









and









2
17
0
−1









c)









2
4
11
0









and









2
2
2
−8









d)









1
0
12
0









and









12
0
−6
0








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27. Find a basis of the column space ColA for the matrix A =





4 5 −11 2 5
4 5 −3 11 7
4 6 −4 3 1



.

a) The first and second columns

b) The first and last columns

c)⋆ The first, second and third columns

d) The fourth and fifth columns

28. Let v =





3
−3

1



. Which of the following vectors is in the same direction as v?

a)⋆





51
−51

17





b)





−7
−7

3





c)





−63
63

−21





d)





57
57

−17




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29. Let y =





3
−1
1



, v =





1
0
1



. What is the distance from y to the line through 0 and v?

a) 1

b)
√

2

c)⋆
√

3

d) 2

30. The vectors





0
4
2



 and





5
6
−7



 form a basis for a subspace W . Use the Gram-Schmidt process

to produce an orthogonal basis for W .

a)





0
4
2



 ,





0
2
1





b)⋆





0
4
2



 ,





5
4
−8





c)





0
3
1



 ,





5
6
−7





d)





0
4
2



 ,





5
6
−7






