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Figure 1: Adding Vectors Figure 2: Scalar Multiples

1. [6 marks] Given the two vectors in Figure 1, draw as accurately as you can the sum
of the two vectors, and the two possible differences of the two vectors.

2. [4 marks] In Figure 2, vectors ~v and 2~v are shown. As accurately as you can, draw
the following: 3~v,−~v,−5~v and 4~v.



3. [10 marks; 5 marks for each part] A river is 45 m wide, flowing by at a rate of 2
m/sec. A rower can row a boat at a speed of 3 m/sec.

(a) If the rower rows the boat in a direction perpendicular to the bank at all times,
how long will it take for the boat to cross the river? Where on the opposite
bank will the boat land?

(b) At what angle should the rower aim the boat if the boat is to land on the
opposite bank directly opposite the starting point? How long will it take to
cross the river?



4.(a) [5 marks] How much work is required to push an 80-kg box up a ramp 10 m long,
if the ramp is inclined at 13◦ to the horizontal?

4.(b) [5 marks] Suppose the angle between two vectors ~u and ~a is 40◦, and that ‖~u‖ = 15,
‖~a‖ = 5. Find

(i) the component of ~u parallel to ~a.

(ii) the component of ~u perpendicular to ~a.



5. [10 marks] Find the two triangles for which c = 2, b = 5, C = 20◦.



6. [10 marks] Consider the vectors

~u =

 2
1
−3

 , ~v =

 1
2
−1

 .

Find the following:

(a) ~u + ~v

(b) 2~u + 5~v

(c) ‖~u‖
(d) ‖~v‖
(e) ~u · ~v
(f) the angle between ~u and ~v



7. [10 marks: 5 marks for each part]

(a) Find the area of the triangle with vertices A(1,−1, 2), B(3, 3, 2), C(5, 0,−4)

(b) Use the cross product to find the sine of the angle between the two vectors

~u =

 2
3
−6

 , ~v =

 2
3
6


What is the angle between the vectors? What is the problem with using cross
products (as opposed to using dot products) to find the angle between two
vectors?



8. [10 marks; 5 marks for each part]

(a) Find parametric equations of the line passing through the point P (8, 4,−1)
and parallel to the line with parametric equations

x = 2 + 5t
y = 9 + t
z = −3 + 6t

(b) Find the point of intersection of the two lines, or show they do not intersect:
x = 1 − 3t
y = 7 − 2t
z = 3 + t

and


x = 1 + s
y = 2 − s
z = 1 − s



9. [10 marks; 5 marks for each part]

(a) Find the equation of the plane containing A(2, 1,−1) and the line with para-
metric equations 

x = 3
y = −1 − t
z = + 2t

(b) find the shortest distance from the point P (1, 0,−2) to the plane with equation
3x − y + 4z = 5.



10. [10 marks] For both of the following systems of linear equations, form the aug-
mented matrix, and solve the original system of equations by using elementary row
operations to put the augmented matrix into reduced row-echelon form.

(a)

{
3x1 − x2 = 4
2x1 − 1

2
x2 = 1

(b)


2x1 + 2x2 − 3x3 = 1
x1 + x3 = 5

3x1 + 4x2 − 7x3 = −2



11. [10 marks] Find conditions on the numbers a, b and c so that the given system has
no solutions, a unique solution, or infinitely many solutions:

(a)

{
x1 + ax2 = 1

bx1 + 2x2 = 5
(b)


x1 − 2x2 + 2x3 = a

−2x1 + x2 + x3 = b
x1 − 5x2 + 7x3 = c


