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Please read the following instructions carefully.

• You have 75 minutes to complete this exam.

• This is a closed book exam. No notes, calculators, cell phones or related
devices of any kind are permitted. All such devices, including cell phones
must be stored in your bag under your desk for the duration of the exam.

• Read each question carefully — you will save yourself time and grief later
on.

• The first 10 questions are multiple-choice, worth 1 point each, with no par-
tial credit towards an incorrect answer. Record your answers to the
multiple choice questions into the table below.

• The final question is long answer and worth 3 marks. You must provide
a detailed solution, written clearly, with appropriate justification,
to obtain full marks.

• Where it is possible to check your work, do so.

• Good luck!
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1. What is the projection of the vector ~v = (3, 3) onto the vector ~u = (−2, 1)?
Answer: proj~u(~v) =

A. −3

5
(−2, 1)

B.
1

5
(−2, 1)

C. −1

9
(3, 3)

D. −1

5
(3, 3)

E. (6,−3)

F. −1

5
(−2, 1)

2. What is the angle between the two vectors (3, 0,
√

3) and (
√

3, 2
√

3, 1)?

A. π

B. π/4

C. 0

D. π/2

E. π/3

F. π/6
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3. Which of the following is a set of parametric equations for the line passing through the two
points (−1, 1, 2) and (1, 7, 0)?

A. x = −s+ t, y = s+ 7t, z = 2s s, t ∈ R
B. x = −1 + t, y = 1 + 8t, z = 2 + 2t t ∈ R
C. x = 2t, y = 6t, z = −2t t ∈ R

D. x = 1− t, y = 7 + t, z = 2t t ∈ R
E. x = 1 + 2t, y = 7 + 4t, z = 5t t ∈ R
F. x = −1 + t, y = 1 + 3t, z = 2− t t ∈ R

4. Which one of the following statements about the two lines

L1 =


 2
−1
−1

+ s

1
0
1

 | s ∈ R

 and L2 =


 1
−3
0

+ t

2
1
1

 | t ∈ R


is true?

A. L1 and L2 intersect at the point (5,−1, 2).

B. L1 and L2 intersect at the point (1,−1,−2).

C. L1 and L2 intersect at the point (−5, 1, 2).

D. L1 and L2 intersect at the point (5,−1,−2).

E. L1 and L2 are orthogonal.

F. L1 and L2 are parallel.
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5. Which of the following is a Cartesian equation for the plane passing through the three points
(−1, 2, 0), (1, 4, 1), and (1, 1,−3)?

A. x+ 4y + z = 6

B. −13x+ 4y − 3z = 21

C. −x+ 2y = 7

D. 5x− 8y + 6z = −21

E. 2x+ y − 6z = 21

F. x+ y − 3z = 1

6. What is the distance from the point (4, 1, 3) to the plane with equation x+ y − z = 4?

A.
√

3

B. 2

C. 2/
√

3

D. 3

E. 0

F. The distance does not exist.
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7. Which of the following is a set of parametric equations for the plane with Cartesian equation
x− 3y + 2z = 2 ?

A. x = 1 + s, y = 1 + s, z = 2 + s s ∈ R
B. x = 1 + s+ 2t, y = −1 + s, z = s+ t s, t ∈ R
C. x = 1 + s, y = 1 + s+ 2t, z = 2 + s+ 3t s, t ∈ R
D. x = 1 + 2t, y = 1 + 2s, z = 2 + s+ t s, t ∈ R
E. x = 1 + 2s+ t, y = 1 + t, z = 1 + s+ t s, t ∈ R
F. x = 1 + s, y = 1 + s+ 2t, z = 1 + s+ 3t s, t ∈ R

8. Suppose ~u,~v and ~w are three nonzero vectors in R3. Which of the following statements
is/are true?

(1) (~u · ~w)~v − (~u · ~v)~w is a vector.

(2) The expression (~u× ~v)× (~u · ~v) is valid.

(3) ~u · (~v × ~w) is a vector.

(4) ‖~u× ~v‖ = ‖~u‖‖~v‖ sin(θ), where θ is the angle between ~u and ~v.

(5) If (~u× ~v) · ~w > 0, then the three vectors are coplanar.

(6) If ~u and ~v are orthogonal, then ~u× ~v = ~0.

Answer:

A. (1) and (4)

B. (4) and (5)

C. (3) only

D. (4) only

E. (2) and (3)

F. (1) and (6)
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9. What is the volume of the parallelepiped determined by the three vectors
~u = (3, 2, 0), ~v = (1, 0, 1) and ~w = (−1, 1,−1) ?

A. 0

B. 3

C. 1

D. −2

E. −3

F. 4

10. Which of the following is a parametric form for the line which goes through the point
(−1, 2, 2) and is parallel to the planes with Cartesian equations

2x− 3y + 4z = 2 and x− y + 3z = 2 ?

A. {(−1, 2, 2) + t(2,−3, 4) | t ∈ R}
B. {(−1, 2, 2) + t(5, 2,−1) | t ∈ R}
C. {(2,−3, 4) + t(1, 1, 0) | t ∈ R}
D. {(1,−1, 3) + s(2,−3, 4) + t(1,−1, 3) | s, t ∈ R}
E. {(−1, 2, 2) + t(2, 2, 1) | t ∈ R}
F. {(1, 1,−3) + t(−5,−2, 1) | t ∈ R}
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11. (3 points) Long answer question with two parts (a), (b)

(a) The following is the augmented matrix of a system of linear equations. Using Gaussian
elimination, and writing down each of the row operations that you use (in the form “3R2+R1 →
R1”, for example, as done in class), reduce the following system to reduced row echelon form
(RREF).

[A|b] =

 1 −6 −5 | 3
2 −9 −4 | 3
−2 12 10 | −6



(b) Letting the variables of the linear system be called x, y and z, as usual, write down the
general solution to the linear system in vector parametric form, by filling in the following set
appropriately:

xy
z

 =

∣∣∣∣∣∣
 .
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