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TOPIC 3
Motion in two dimensions

3.1 Overview
3.1.1 Module 1: Kinematics
Motion on a Plane
Inquiry question: How is the motion of an object that changes its direction of movement on a plane 
described?

Students:
 • analyse vectors in one and two dimensions to:

 – resolve a vector into two perpendicular components
 – add two perpendicular vector components to obtain a single vector (ACSPH061).

 • represent the distance and displacement of objects moving on a horizontal plane using:
 – vector addition
 – resolution of components of vectors (ACSPH060).

 • describe and analyse algebraically, graphically and with vector diagrams, the ways in which the
motion of objects changes, including:
 – velocity
 – displacement (ACSPH060, ACSPH061).

 • describe and analyse, using vector analysis, the relative positions and motions of one object relative
to another object on a plane (ACSPH061)

 • analyse the relative motion of objects in two dimensions in a variety of situations, for example:
 – the motion of a boat on a flowing river
 – the motion of two moving cars
 – the motion of an aeroplane in a crosswind (ACSPH060, ACSPH132).

FIGURE 3.1 The motion of objects such as cars and aircraft is described in two 
and three dimensions rather than rectilinearly.
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   3.2  Graphical treatment of vectors 
  3.2.1  Drawing vector diagrams to scale 
 Up until now, we have only examined motion in a rectilinear framework — that is, where motion 
occurs along a single line. While such analysis is useful when we consider motion along straight roads 
or railway tracks, motion in the real world is more realistically represented by vectors acting in two and 
three dimensions. 

 Changes in position and other vector quantities such as velocity and acceleration can be depicted by 
scale diagrams, and the resultant determined simply by using a ruler and protractor. 

 When drawing vectors, selecting an appropriate scale for their length is vitally important. After all, if 
you want to draw a vector that represents an object moving   200 m   south, it would be unwise to choose a 
scale of   1   centimetre for every metre, as you would need to draw an arrow   2  m   in length. On the other 
hand, it would be equally unwise to use 
  1 mm   for every   100   metres, as the 
vector diagram would be too tiny to 
read. 

 To draw a vector diagram, the following 
steps should be followed: 
1.    Select a sharp pencil, a ruler with a 

good edge and a protractor. 
2.    Choose a suitable scale for your 

diagram. 
3.    Mark a faint horizontal line on your 

page. This will be your baseline. 
4.    Mark a small point on your 

baseline. This is where your vector 
will start. 

5.    Place the crosshairs of your 
protractor on the point and mark, 
on your page, the position of the 
angle at which you need to draw 
your vector. 

6.    Place your ruler so that it connects 
the starting point and the angle 
mark. 

7.    Using your selected scale, draw a 
line from the starting point, along 
the ruler, for the required length. 

8.    Draw an arrowhead where you 
have ended your line. 

9.    Write the magnitude of the vector 
next to it (don’t forget the units) 
and mark in the angles where 
appropriate.     
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  FIGURE 3.2  Drawing vector diagrams.  
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  Using this system, the displace-
ment vector of a cyclist as he rides 
north-east for   5 km   would be drawn 
like this:        

5 km

45°

  FIGURE 3.3  Displacement vector representing   5 km , north-east.   

3.2  SAMPLE PROBLEM 1 

 Draw a vector diagram representing a displacement of   100   m   to the east. 

 SOLUTION:  

1.    First draw your baseline and mark your starting point. 
2.    Mark your angle using your protractor. Remember that east is represented by   0°   on the protractor. 
3.    Here, a scale of   1 cm   to every   10 m   has been selected. This means that we will draw a   10 cm   

line for our vector. 
4.    Placing the ruler to connect the starting point and the angle mark, we draw our   10 cm   line. 
5.    Finally, we draw an arrowhead on the end of the vector, and mark the value that it represents 

above it.   

0°

Step 2

Step 1

Step 4

100 m, east

Step 5

0 1 2 3 4 5 6 7 8 9   cm 10

  FIGURE 3.4   
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3.2.2 Vector Addition
Vector diagrams are particularly helpful when evaluating the final displacement of an object travelling 
for different distances in different directions over the course of its journey.

In these cases, each ‘leg’ of the journey is represented by a different vector, and these vectors are 
‘added’ sequentially by positioning the ‘tail’ of each vector at the ‘head’ of the previous vector.

3.2 SAMPLE PROBLEM 2

Draw a vector representing the motion of a cyclist travelling 20 km south-east.

SOLUTION:

1. Once again, we draw our baseline and our starting point.
2. Place your protractor on the starting point and rotate it so that you are measuring 45° 
underneath the baseline. Mark the angle’s position.

3. Place your ruler between the starting point and the angle mark.
4. This time we’ve selected a scale of 1 cm for every 5 km, so we draw our line segment from the 

starting point until it is 4 cm long.
5. Add the arrowhead, the magnitude and the angle.

45°

Step 1

Step 2

45°

Step 5

20 km

FIGURE 3.5

3.2 SAMPLE PROBLEM 3

A plane flies due north for 50  km, turns north-east and continues for 150  km and then flies due east 
for 80 km.
(a) Draw a vector diagram showing the plane’s journey.
(b) Use the vector diagram to determine the final displacement of the plane from its starting 

position.
(c) What distance has the plane travelled?
(d) If the total journey took 30 minutes, determine the plane’s (i) average speed and (ii) average 

velocity.
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SOLUTION:

(a) Choosing a scale of 1  cm = 1 0  km , the 
three legs of the journey can be represented 
like this:

(b) To determine the plane’s displacement, a vector is drawn from the plane’s starting point to 
the plane’s final position as shown:

Using a ruler, the length of this dis-
placement vector is found to be 24.3 cm 
long; as the scale of the diagram is 
1 cm = 10 km, this means that the dis-
placement vector has a magnitude of 
24.3 cm × 10 km/cm = 243 km.

To find the direction of the 
displacement vector, a horizontal line 
is drawn through the starting point, 
and a protractor is used to determine 
the angle between the horizontal and 
the displacement vector:

As a result, the displacement of the 
plane is 243 km east 40° north (or, 
equally, north 50° east).

150 km,

north-east

80 km, east

50 km, north

45°

FIGURE 3.6

150 km, north-east

80 km, east

50 km,
north

45°

FIGURE 3.7

150 km, north-east

80 km, east

50 km,
north

45°

40°

243 km

FIGURE 3.8
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(c) The distance covered by the plane is simply equal to the sum of the distances covered in 
each individual leg of the journey: 50  km + 150  km + 80  km = 280  km.
As distance is a scalar quantity, there is no direction associated with this value.

(d)  (i)  The average speed of the plane is determined by dividing the distance travelled by the 
time of flight:

average speed = distance
time

= 280 km
0.5 h

= 560 km  h−1

(ii) The average velocity is determined from the displacement as follows:

vav = s
t

= 243 km
0.5 h   at east 40° north

= 486  km h−1
 at east 40° north

When vectors are added together, their sum is referred to as the resultant vector (or, 
simply, the resultant).

It should be noted that, when adding vectors together, the order in which the individual 
vectors are placed does not affect the magnitude or direction of the resultant vector. If we 
define three vectors A, B and C as shown below, it is quite clear that 

A + B + C = B + A + C = C + A + B

B

R

A + B + C = R B + A + C = R C + A + B = R

R

C C

R

C

B

A

A

A

B

FIGURE 3.9 The resultant vector does not depend upon the order in which the contributing 
vectors are added.

WORKING SCIENTIFICALLY 3.1
Design and carry out an investigation to determine the average velocity of an ant. Note that the ant is not to 
be harmed in any way and is to be returned to the place from where it was collected.
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3.3 Algebraic resolution of vector 
addition
3.3.1 Adding two perpendicular vectors
While drawing scale diagrams helps in solving a problem involving the 
addition of vectors, its major shortcoming is its lack of precision. 
A wobbly ruler, a blunt pencil or a poor-quality protractor might com-
bine to produce a resultant with a large degree of error. Consequently, 
algebraic determinations of resultant vectors are preferred.

The simplest case of vector addition occurs when two vectors are at 
right angles to each other. The magnitude of the resultant can be found 
by using Pythagoras’s theorem and trigonometric methods employed to 
determine the resultant vector’s direction.

3.2 Exercise 1
 1 Draw vectors to represent the following:

(a) 70 m due east
(b) 2 km due south
(c) 600 m at 70° north of east

c
a

b

FIGURE 3.10
Pythagoras’s theorem: 
for any right-angled 
triangle with sides 
a, b and c as shown:
c2 = a2 + b 2

3.3 SAMPLE PROBLEM 1

Jess cycles 4  km due east and then 7  km due north. Calculate (a) her distance covered and (b) her 
displacement.

SOLUTION:

(a) The distance covered will simply be 4  km + 7  km = 11  km.
(b) By using Pythagoras’ theorem, we can calculate R:

R2 = (4  km)2 + (7  km)2

= 16 + 49
= 65  km2

So, R = √65  km2

= 8.06  km
 

and θ = tan−1 
7 km
4 km

= 60.3°

Therefore, her displacement is equal to 8.06 km at 60.3° north of east.

R

4 km east

7 km north

θ

FIGURE 3.11
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3.3.2 Adding two non-perpendicular vectors
In the case where two vectors to be added are not perpendicular to each 
other, the cosine rule and the sine rule can be used to determine the 
magnitude and angle of the resultant vector.

cosine rule: in any triangle ABC, c2 = a2 + b2 − 2ab cos  C.
sine rule: in any triangle ABC, a

sin  A
= b

sin  B
= c

sin  C

3.3 SAMPLE PROBLEM 2

A Nissan Pulsar travels 4.0 km north and then 6.0 km west in 10  min. Calculate (a) its average 
speed and (b) its average velocity.

SOLUTION:

(a) distance = 4.0 km + 6.0 km = 10 km

time = 10  min = 10
60

  h

average speed = distance
time

= 10 km

(10
60)  h

= 60 km h−1

(b) To find vav, we must first find the value of the displacement s.

Using Pythagoras’s theorem, we find the magnitude of the displacement vector:

s2 = (4)2 + (6)2 = 52
s = 7.2  km

θ = tan−1 (
6
4)

= 56.3° west of north

s = 7.2 km at 56.3° west of north

vav = s
t

= 7.2  km

(10
60)  h

  at north 56.3°  west

= 43.2  km h−1
 
 at north 56.3°  west

FIGURE 3.12

s

6.0 km west

4.0 km north

θ

c

b

a

A

B

C

FIGURE 3.13 The 
labelling convention for 
a triangle when using 
the sine rule and the 
cosine rule.
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3.3.3 Adding multiple vectors
All vectors in two dimensions can be considered to be made up of 
two components — a horizontal (or x-axis) component and a vertical 
(or y-axis) component. By using trigonometry, we can calculate the 

size of these component vectors.
If you use polar angles, then
Rx = R  cos θ  and Ry = R  sin θ

where R is the magnitude of the vector and θ  is the vector’s polar 
angle:

When a series of vectors is added, we add all the individual 
horizontal components to find a single resultant horizontal component 
and all the individual vertical components to find a single resultant 
vertical component. These two vectors are the independent horizontal 
and vertical components of the resultant vector.

3.3 SAMPLE PROBLEM 3

A cyclist travels due east for 4 km before turning 60° towards the south and then continuing to 
ride for a further 8 km. What is the cyclist’s displacement?

SOLUTION:

Clearly, the interior angle between the 4 km and the 8 km vec-
tors is equal to 120° (the complementary angle of 60°).

Using the cosine rule, the magnitude of the displacement s 
can be found:

s2 = (4)2 + (8)2 − 2(4)(8) cos  120°
= 80 − 64(−0.5)
= 112

 s = 10.58 km
The sine rule is then used to find θ :

10.58
sin 120°

= 8
sin θ

12.22 = 8
sin θ

 

θ = sin−1 (
8

12.22) = 40.9°

Hence, s = 10.58 km at 40.9° south of west.

8 kms

4 km

60°120°θ

FIGURE 3.14

WORKING SCIENTIFICALLY 3.2
Pin each end of a 15 cm length of string to a piece of foamboard using thumbtacks. Pull the string into an 
angle using a third thumbtack. Investigate how the size of the maximum angle subtended at the third 
thumbtack varies according to the separation of the thumbtacks anchoring the string. Derive an equation 
that describes the relationship.

R Ry = R sin θ

Rx = R cos θ

θ

FIGURE 3.15 All vectors 
may be described as the 
sum of their horizontal and 
vertical component 
vectors.
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When adding vectors by perpendicular components:
1. add all horizontal components to find Rx (the horizontal component of the resultant)

2. add all vertical components to find Ry (the vertical component of the resultant)
3. use Pythagoras’s theorem to find the magnitude of R
4. use trigonometry to find the value of θ  (the resultant angle).

3.3 SAMPLE PROBLEM 4

A yacht navigates a passage through a reef, first sailing 5  km at 30° north of east, then 8 km 
south-east, 4  km south and, finally, 10 km at 20° west of south. What is the yacht's final displace-
ment from the point at which it started to negotiate the reef?

SOLUTION:

First, each position vector is resolved into its horizontal and vertical components:

4 km

270°

sx = 4 cos  270° = 4(0) = 0
sy = 4 sin  270° = 4(−1) = −4 km

FIGURE 3.18

FIGURE 3.16

5 km

30°

sx = 5 cos  30° = 5(0.8660) = 4.33 km
sy = 5 sin  30° = 5(0.50) = 2.5 km

8 km

315°

sx = 8 cos  315° = 8(0.7071) = 5.7 km
sy = 8 sin  315° = 8(−0.7071) = −5.7 km

FIGURE 3.17
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R

θ
6.63 km

16.6 km

R = √6.632 + 16.62 = 17.9 km

θ = tan−1 (
16.6
6.63) = 68.2°

FIGURE 3.20

250°

10 km

sx = 10 cos  250° = 10(−0.342) = −3.4 km
sy = 10 sin  250° = 10(−0.940) = −9.4 km

Rx = 4.33 km + 5.7 km + 0 + −3.4 km = 6.63 km
Ry = 2.5 km + − 5.7 km + − 4 km + −9.4 km = −16.6 km

FIGURE 3.19

Therefore, the yacht’s displacement is 17.9 km at 68.2° south of east.

3.3 Exercise 1
 1 (a)  What is the displacement of a Volkswagen that travels west along a road for 10 km and then south 

for 8 km?
(b) What is the distance covered by the Volkswagen?

 2 A skateboarder travels east for 500 m and then turns sharply until he is travelling 10° west of south. He 
travels in this direction for 300 m. If his entire journey took 45 seconds, determine his average velocity 
for this time period.

 3 A small boat sets out from the west bank of a river, crossing to its east bank and travelling at 4  m s−1. 
The river current flows from north to south at 5  m s−1. What will be the resultant velocity of the boat?

 4 Find the horizontal and vertical components of the following vectors:
(c) 300 km at 75°
(d) 10  m s−1 at 35° west of south
(e) 6  m at 310°
(f) 4  m s−2 at −60°

 5 Over the course of two hours, a runner travels north for 5 km, then 4 km north-west and finally 10 km at 
10° east of south. What was the runner’s average velocity?
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3.4 Vector subtraction
3.4.1 Acceleration in two dimensions
As you will recall from the previous chapter, the average acceleration of an object is equal to the rate 
of change of the object’s velocity per unit time:

a = Δv
Δt

This can be expressed in the equation

a = v − u
t

It can be seen that, to evaluate the average acceleration vector, the vector subtraction of the initial 
velocity u from the final velocity v over the time period must be resolved. This is achieved by adding 
the inverse vector of u (called −u) to v. The vector −u is equal in magnitude to u but is directed in the 
opposite direction.

v

–u

u v + (–u)

–u

v
= v – u

FIGURE 3.21

3.4 SAMPLE PROBLEM 1

What is the average acceleration of a cyclist riding north who slows down from a speed of 8 m s−1 
to 5 m s−1 over 2.0 s when turning a corner to travel east?

SOLUTION:

(v − u)2 = (5)2 + (8)2 = 89
(v − u) = 9.4 m s−1

θ = tan−1 (
8
5) = 58°

So (v − u) = 9.4 m s−1 at 58° south of east (or south 32° east)

a = (v − u)
t

= 9.4 m s−1

2.0 s
 at south 32° east

= 4.7 m s−2 at south 32° east

–u = 8 m s–1,
south

u = 8 m s–1,
north

v = 5 m s–1, east

v – u

5 m s–1, east

8 m s–1,
south

θ

FIGURE 3.22

40 Jacaranda Physics 11

UNCORRECTED P
AGE P

ROOFS



TOPIC 3 Motion in two dimensions 41

c03MotionInTwoDimensions.indd Page 41 08/06/17  7:44 AM

3.4.2 Relative velocity in two dimensions

As you will recall from the previous chapter, relative velocity is the velocity of an object as meas-
ured by a moving observer. The velocity of an object vB relative to an observer travelling at a velocity 

vA can be described by the equation

vBrelA = vB − vA

PHYSICS FACT
A non-zero acceleration does 
not always result from a change 
in speed. Consider a car 
travelling at 60 km h−1 in a 
northerly direction turing right 
and continuing in an easterly 
direction at the same speed. 
Assume that the complete turn 
takes 10 s. The average 
acceleration during the time 
interval of 10 s is given by:

aav = Δv
Δt

.

The change in velocity must 
be determined first. Thus,

Δv = v − u
= v + −u.

The vectors v and −u are 
added together to give the 
resulting change in velocity.

The magnitude of the change 
in velocity is calculated using 
Pythagoras’ Theorem or trigonometric ratios to be 85 km h−1. Alternatively, the vectors can be added using 
a scale drawing and then measuring the magnitude and direction of the sum. The direction of the change in 
velocity can be seen in figure 3.23 to be south-east.

aav = Δv
Δt

= 85
10

= 8.5 km h−1
 s−1

 south-east

u

v

N

S

EW

60 km h–1 east

60 km h–1 north

–u

v

Δv = v + (–u)

Δv

60 km h–1 east

60 km h–1 south

45°

45°

FIGURE 3.23 A change in velocity can occur even if there is no 
change in speed.

3.4 SAMPLE PROBLEM 2

Two skateboard riders, Finn and Jess, are travelling north along the same bike path. Finn is 
travelling at 12 m s−1 when Jess, 20 metres behind him, is travelling at 16 m s−1.
(a) What is Finn’s velocity relative to that of Jess?
(b) What is Jess’s velocity relative to that of Finn?
(c) How long will it take Jess to catch up to Finn?
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3.4 SAMPLE PROBLEM 3

A light plane is flying north at a speed of 200 km h−1 when it encounters winds. Relative to the 
plane, the winds are travelling at 20 km h−1 on a bearing of north 40° east. What would be the 
velocity of the winds as seen by a stationary observer on the ground?

SOLUTION

vw rel p = vw − vp

Rearranging the equation, we get
vw = vw rel p + vp

The horizontal and vertical components of vw are found by adding the perpendicular 

components of vw rel p and vp:

horizontal component of vw = 200 cos  90° + 20 cos  40° = 0 + 15.3 = 15.3 km h−1

200 km h–1, north
vw

20 km h–1, north 40° east

FIGURE 3.24

SOLUTION

(a)

 

vF relj 
= vF − vj
= (12 m s−1,  north) − (16 m s−1,  north)
= −4 m s−1,  north
= 4 m s−1,  south

To Jess, it appears that Finn is moving back towards her at 4 m s−1.

(b)
 
vj rel F = vj − vF

= (16 m s−1,  north) − (12 m s−1,  north)
= 4 m s−1,  north

To Finn, it appears as if Jess is coming up from behind him at 4 m s−1.
(c) Finn is located 20 m north of Jess.

As vav = s
t
, then

t = s
vav

= 20 m,  north

4 m s−1,  north
= 5 s
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vertical component of vw = 200 sin  90° + 20 sin  40° = 200 + 12.9 = 212.9 km h−1

vw = √(15.3)2 + (212.9)2

= 213.4 km h−1

 θ = tan−1 (
212.9
15.3 ) = 85.9°

Therefore, to a stationary observer, the wind is travelling at 213.4 km h−1 at 85.9° north of 
east (or north 4.1° east)

212.9 km h–1

15.3 km h–1

vw

θ

FIGURE 3.25

3.4 Exercise 1
 1 A car travelling at 20 m s−1 south slows to 15 m s−1. What is the car’s deceleration? (Note: deceleration is 

the term used for a negative value of acceleration.)
 2 What is the acceleration experienced by a tennis player’s racquet travelling at 10 m s−1 if it is swung in a 

90° arc in 0.4 s to travel at 20 m s−1?
 3 A model car travelling 4 m s−1 east veers around a rock and, 4.0 seconds later, is moving at 6 m s−1 at 

50° east of north. What was the model car’s acceleration?
 4 The yacht Saucy Gibbon is sailing due south at 6 knots when a cruise ship is spotted in the distance. The 

cruise ship is moving due east at 20 knots.
(a) What is the velocity of the cruise ship relative to the yacht?
(b) What is the velocity of the yacht relative to the cruise ship?

 5 Thuy is on the west bank of a river that flows from north to south at a speed of 5 m s−1. She is easily able 
to swim at a constant speed of 1 m s−1. The river is 30 m wide.
(a) On what bearing should Thuy swim to end up on the east bank at a point directly opposite her starting 

position?
(b) How long will it take Thuy to reach the other side of the river?

WORKING SCIENTIFICALLY 3.3
Using two battery-powered cars, investigate how the velocity of one car relative to the other changes 
according to the angle between their directions of motion. Note that this will require you to first determine 
the speeds of the individual vehicles and to devise a method of ensuring that they are travelling at constant 
speed when placed in their starting positions.
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3.5 Review
3.5.1 Summary
 • A vector is represented by an arrowed line with a length that represents the magnitude of the vector 

quantity and that points in the direction that the quantity acts.
 • Displacement, velocity and acceleration are all vector quantities and are given in terms of a magni-

tude and a direction.
 • A vector can be resolved into two independent, perpendicular components:

Vx = V cos θ , and Vy = V sin θ
 • Two vectors are added by placing the tail of the second vector at the head of the first vector. The sum 

of the vectors is represented by a resultant vector, which is drawn from the tail of the first vector to 
the head of the last vector.

 • Vectors can be added using graphical or algebraic methods.
 • The horizontal and vertical components of the resultant vector are found by adding the horizontal 

and vertical components of the individual vectors being added.
 • In vector subtraction, the resultant of A − B = A + (−B) where (−B) has the same magnitude as B 

but is directed in the opposite direction.
 • Relative velocity is the velocity of an object as measured by a moving observer. The velocity of A 

relative to B (VA rel B) is found from the velocities of A and B relative to a stationary frame of reference:

(VA rel B) = VA − VB

Questions
1. Can two vectors with different magnitudes be combined to give a zero resultant? Can three vectors 

with different magnitudes be combined to give a zero resultant?
2. What is the largest possible resultant vector that you could make using two vectors of magnitudes 

10 N and 9 N? What is the smallest you could make?
3. At what angle(s) are the horizontal and vertical components of a vector equal?
4. In which of the following diagrams does A + B = C?

C

C

C

–C

B

B

B

B

A

A

A

A

(a) (b)

(c) (d)

FIGURE 3.26
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5. Is it possible to determine the direction of motion of an object moving in two dimensions from a 
velocity–time graph? Explain.

6. Does a car travelling at 60 km h−1 north have the same velocity as a car travelling east at 
60 km h−1? Explain your answer.

7. Two position vectors have lengths corresponding to 20 m and 30 m.
(a) What is the largest magnitude their vector sum can have?
(b) What is the smallest magnitude that their vector sum can have?

8. Determine the resultant displacement in each of the following cases:
(a) 10 m north + 15 m north
(b) 12 km north + 10 km south
(c) 1 km north + 150 m east
(d) 100 km north +  100 km north-east.

9. (a) Determine the resultant displacement in each case by drawing a scale diagram:
(i) 7 m at 90°, 6 m at 180°

(ii) 100 km at 110°, 140 km at 270°
(iii) 50 km at 30°, 60 km at 90°, 50 km at 180°
(iv) 1200 m at 300°, 800 m at 120°, 2000 m at 230°.

(b) Use algebraic methods to determine the resultant displacement in each of (i) – (iv) above. How 
closely do your calculated answers match your answers in (a)?

10. A car travelling east at a speed of 100 m s−1 turns right to head south at the same speed. Has the 
car undergone an acceleration? Explain your answer with the aid of a diagram.

11. Calculate the average acceleration of:
(a) a car, starting from rest, which reaches a velocity of 20 m s−1 due north in 5.0 s
(b)  a cyclist travelling due west at a speed of 15 m s−1, who turns to cycle due north at a speed of 

20 m s−1 (the change occurs in a time interval of 2.5 s)
(c) a bus travelling due north at 8.0 m s−1, which turns right to travel due east without changing 

speed, in a time interval of 4.0 s.
12. A motorbike travelling north at 12 m s−1 turns a corner and heads west without changing speed. If 

it took 1.5 s to make the turn, what was the motorbike’s average acceleration?
13. A pilot flies 400 km in a direction 60° south of east and then 250 km in a direction 45° south of 

east. What was the plane’s displacement from its starting position?
14. A hiker walks 20.0 km in an easterly direction and then walks for 42.0 km in a direction 50° north 

of west.
(a) Draw a vector diagram of the hiker’s journey.
(b) What distance has the hiker travelled?
(c) What is the hiker’s displacement from his starting point?
(d) If the journey takes ten hours of walking, determine the hiker’s (i) average speed and 

(ii) average velocity.
15. A boat able to travel at 10 km h−1 is attempting to cross a river that flows at 6 km h−1 westward. If 

the river is 600 m wide, find (a) the time the boat takes to cross the river, and (b) the distance 
downstream from its starting position that the boat will land on the opposite bank of the river.

16. A cyclist is riding north at 12 km h−1 when it starts to rain. The rain appears to be falling towards 
her at an angle of 10° relative to the vertical. Deciding to return home, the cyclist turns south, 
riding at the same speed. Now the rain appears to be coming towards her at an angle of 6° to the 
vertical. What is the velocity of the rain?

17. Looking at a map, a tourist finds that the museum she wants to go to is 840 metres away on a 
bearing of 30° south of west. However, the region of city that she is in only has streets orientated 
north-south and east-west. What is the minimum distance she would need to walk to reach the 
museum?

UNCORRECTED P
AGE P

ROOFS



c03MotionInTwoDimensions.indd Page 46 08/06/17  7:44 AM

46 Jacaranda Physics 11

18. A plane flies 480 km east from town A to town B in 45 minutes, 920 km south-east from town B 
to town C in 90 minutes and then 320 km southwest from town C to town D in 30 minutes. What 
is the plane’s average velocity in flying from town A to town D?

19. Traditionally, the lead horse on a carousel is the largest and most ornately decorated one. On a 
particular carousel, the lead horse moves at a constant speed of 10 m s−1 and takes five seconds to 
move through a complete circle. What is the magnitude of the average acceleration of the lead 
horse? (HINT: consider the velocity vectors for one quarter of a rotation.)

20. A car travels for 40 km with an average velocity of 60 km h−1 south-west. With what velocity 
would the car need to travel over the next 40 km if it is to have an overall average velocity of 
80 km h−1 at 10° north of west?

21. A stationary radar operator notes a ship that is 20 km out at sea on a bearing of 250° relative to 
his position. Two hours later, the same ship is observed to be 10 km out at sea on a bearing of 
290°. If the ship maintained a constant speed and did not change course between the two observa-
tions, what is the ship’s velocity?

22. A mine shaft extends 50 m straight down into the earth. At the bottom of the mineshaft, a hori-
zontal tunnel proceeds north for 70 m and then turns west for 30 m. What is the displacement at 
the end of the western tunnel from the mine entrance on the surface?
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