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International A Level Mathematics

Mechanics 1 (WMEO1)

Chapter 3: Vectors in Mechanics

CHAPTER 3 - KEY SKILLS

Vectors in Mechanics

Specification M1: Vectors ¢ 10 questions 81 marks * about 97 minutes

1 Magnitude and direction
|ai+bj| = Va® + b2. For the angle,
draw the vector and use tan 6 = % on

the right-angled triangle.

4 Parallel vectors

xi+yj=A2i—j),s0 5 =2

7 Relative position
AB - rg—ry and AB = |Iﬁ|. Particles
collide only if both components agree

at the same 1.

Parallel to 2i — j means a multiple of it:

2 Bearings

Measured clockwise from north (j),
three figures. 4i — 3j points south of
east: 90° +36.9° = 127°

5 Speed and velocity
Speed = |v|. Speed 26 in the direction
5i—12j: v = 25(5i — 12j)

8 Direction conditions
Due north of O: i part = 0. North-east
of O: the i and j parts are equal and

positive.

3 Adding vectors
Add the i and j parts, or draw a
triangle with the vectors top to tail and

use the sine and cosine rules.

6 Position at time ¢
r =g + V¢, where rg is the position
whent=0. Fromt=1t0r=9is 8

seconds, not 9.

9 Least distance
AB? is a quadratic in #: complete the
square (or differentiate) to find the

least value and when it happens.

Skills map every skill above is tested at least once; interleaved skills come from GCSE or other chapters

Skill Q1 Q2|Q3|Q4|Q5(Q6 Q7| Q8| Q9| Q10
Marks 6| 6|6 |6 |6 |10/10|10 |10 | 11
1 Magnitude and direction ° ° o | o | o | o

2 Bearings ° ° o | o | o | o °
3 Adding vectors o | o °

4 Parallel vectors °

5 Speed and velocity ° o | o

6 Position at time ¢ ° o | o | o | o | o °
7 Relative position o | o | o °
8 Direction conditions ° ° o | o | o

9 Least distance °
Interleaved: trigonometry: sine and cosine rules (P1) ° °
Interleaved: quadratics, completing the square, simultaneous equations (P1) e | o °
Interleaved: speed, distance and time (Chapter 2) ° o | o °

combined.

Exam difficulty. Questions 1 to 5 check each skill on its own. Questions 6 to 10 are multi-step questions built like
the last questions on a real WMEO1 paper, where one part leads into the next and skills from different topics are

Must learn. Draw a diagram with north marked. Give velocities in i,j form and speeds as magnitudes, bearings as
three figures, and times as clock times when the question uses them.
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

1. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

A particle P moves with constant velocity (4i — 3j)ms~'. At time # = 0, P passes through the point
with position vector (—10i+ 18j) m.

(@) Find the direction of motion of P, giving your answer as a bearing to the nearest degree.

(2
(b) Write down the position vector of P at time ¢ seconds.
(1)
(c) Find the value of t when P is due east of O, and the distance of P from O at this time.
(3)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 1 continued

(Total for Question 1 is 6 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

2.
S
Diagram not
drawn to scale
Figure 1
A hiker walks 6 km in a straight line from her start point S on a bearing of 060° to the point 7. She
then walks 8 km in a straight line on a bearing of 150° to the point F, as shown in Figure 1.
(@) Find the distance SF'.
(3)
(b) Find the bearing of F from §, giving your answer to the nearest degree.
(3)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 2 continued

(Total for Question 2 is 6 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

3. A small robot moves across a horizontal floor. It first moves with displacement a = (3i+4j) m and
then with displacement b = (pi — 6j) m, where p is a constant.

(a) Find the angle between a and the vector i, giving your answer in degrees to one decimal

place.

(2)
The resultant displacement a +b is parallel to the vector (2i — j).
(b) Find the value of p.

(3)
(c) Find the magnitude of the resultant displacement.

(1)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 3 continued

(Total for Question 3 is 6 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

4. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

A ship moves with constant speed 26kmh~" in the direction of the vector (5i — 12j). At 09:00 the
ship is at the point with position vector (—20i + 60j) km.

(@) Find the velocity of the ship in the form (xi+yj)kmh~'

(2
(b) Find the position vector of the ship ¢ hours after 09:00
(1)
(c) Find the time of day at which the ship is due east of O, and its distance from O at this time.
(3)
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Book your FREE lesson at www.eclassroom.org.uk


https://www.eclassroom.org.uk

International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 4 continued

(Total for Question 4 is 6 marks)

Join students already acing their exams.
* %k Kk K y acing Page 10 of 27

Book your FREE lesson at www.eclassroom.org.uk


https://www.eclassroom.org.uk

International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

5. [In this question, i and j are perpendicular horizontal unit vectors, and position vectors are given
relative to a fixed origin O.]

Two particles A and B move on a smooth horizontal plane with constant velocities (2i +j)ms™'
and (—i+4j)ms~! respectively. At time ¢t =0, A is at the point with position vector (i+2j) m and B
is at the point with position vector (71 — 4j) m.

(@) Write down the position vectors of A and B at time ¢ seconds.

(2)
(b) Show that A and B collide, and find the position vector of the point where they collide.
(4)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 5 continued

(Total for Question 5 is 6 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

6. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

Two ships A and B are moving with constant velocities. The velocity of A is (4i+3j)kmh~" and
the velocity of B is (pi+gj)kmh~'. At 14:00, A is at the point with position vector (2i — 3j) km and
B is at the point with position vector (12i + 7j) km.

(@) Find the speed of A.

(1)
At time ¢ hours after 14:00, AB = [(10— 61)i+ (10 — 81)j] km
(b) Find the value of p and the value of q.

(4)
(c) Find the two times of day at which the ships are 21/10 km apart.

(3)
(d) Find the bearing of B from A at the later of these two times, giving your answer to the

nearest degree.
(2
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Question 6 continued
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 6 continued

(Total for Question 6 is 10 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

7. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

A boat leaves a harbour at O at 12:00 and moves with constant velocity (6i +8j)kmh~". At 13:30
the boat changes direction and then moves with constant velocity (—4i+3j)kmh~". A lighthouse
L is at the point with position vector (5i + 18j) km.

(@) Find the speed of the boat before 13:30

(1)
(b) Find the position vector of the boat at 13:30

(2
(c¢) Find the position vector of the boat s hours after 13:30

(2
(d) Find the time of day at which the boat is due west of L, and its distance from L at that time.

(3)
(e) Find the bearing of L from the boat at 13:30, giving your answer to the nearest degree.

(2
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Question 7 continued
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 7 continued

(Total for Question 7 is 10 marks)

Join students already acing their exams.
* %k Kk K y acing Page 18 of 27

Book your FREE lesson at www.eclassroom.org.uk


https://www.eclassroom.org.uk
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8. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

A puck moves in a straight line with constant velocity across a smooth horizontal ice rink. At time
t = 2 seconds the puck is at the point with position vector (—3i+5j) m and at time ¢ = 5 seconds it
is at the point with position vector (12i+11j) m.

(a) Find the velocity of the puck.

(2
(b) Find the speed of the puck and its direction of motion as a bearing, to the nearest degree.

(3)
(c) Find the position vector of the puck at time ¢ seconds.

(2
(d) Find the time at which the puck is north-east of O.

(2)
(e) Find the distance of the puck from O at this time.

(1)
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Question 8 continued

x Join students already acing their exams.
* %k kK y acing Page 20 of 27

Book your FREE lesson at www.eclassroom.org.uk


https://www.eclassroom.org.uk

International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 8 continued

(Total for Question 8 is 10 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

9.
N
60kmh~"
200kmh™"
Diagram not
drawn to scale
Figure 2
[In this question, i and j are horizontal unit vectors directed due east and due north respectively.]
An aircraft is flying with a speed of 200kmh~" relative to the air, heading on a bearing of 030°. A
wind is blowing at 60kmh~" towards the bearing 150°. The velocity of the aircraft over the ground
is the sum of these two velocities, shown by the dashed line in Figure 2.
(@) Find the speed of the aircraft over the ground.
(3)
(b) Find the bearing of the direction in which the aircraft is moving over the ground, to the
nearest degree.
(3)
The pilot now changes heading, keeping a speed of 200kmh~" relative to the air, so that the
aircraft moves due east over the ground. The wind is unchanged.
(c¢) Find the new heading of the aircraft as a bearing, to the nearest degree, and its new speed
over the ground.
(4)
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Question 9 continued
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

Question 9 continued

(Total for Question 9 is 10 marks)
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International A Level Mathematics Mechanics 1 (WMEO1) Chapter 3: Vectors in Mechanics

10. [In this question, i and j are horizontal unit vectors directed due east and due north respectively,
and position vectors are given relative to a fixed origin O.]

Two ships A and B move with constant velocities (i+3j)kmh~" and (4i — 3j)kmh~" respectively.
At 12:00, A is at the point with position vector (5i+2j) km and B is at the point with position vector
(—13i+23j) km.

(@) Show that both ships pass through the point X with position vector (7i+ 8j) km, and explain
why they do not collide.

(3)
(b) Show that, r hours after 12:00, AB? =45 (1> — 81 +17)

(3)
(c) Find the least distance between the ships and the time of day at which it occurs.

(3)
(d) Find the bearing of B from A at this time, to the nearest degree.

(2)
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Question 10 continued
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Question 10 continued

(Total for Question 10 is 11 marks)

TOTAL FOR CHAPTER 3 IS 81 MARKS
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