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Motion

Speed
Speed describes how fast something is moving. When an object, such as a car or a ball, moves, we describe 
its motion by using information about how far it goes – distance – and how long it takes to get there – time. 
For example, if a car travels along a road at a constant speed of 5 metres per second (m s–1), it means the car is 
travelling 5 metres in every second.

Average speed
Brent told Kate he cycled from Auckland to Hamilton with an average speed of 15 km per hour, but he travelled 
much faster than that on the downhill parts and much slower than that on the uphill parts.

Average speed, v, for all or part of a journey is calculated by dividing the distance travelled by the time taken 
to travel that distance.

average speed = distance travelled
time taken

 v = 
∆d
∆t

Where:
•	 d is distance in m
•	 t is time in s

Units
•	 Other units for distance are the kilometre, km, and centimetre, cm.
•	 Other units for time are the minute, min, and hour, h.

The unit for speed depends on the measurements used for distance and time.

2 metres in 1 second 
2 metres per second 

2 m s–1

Distance units Time units Speed units

metres, m seconds, s metres per sec, m s–1

kilometres, km hours, h kilometres per hour, km h–1

The symbol D means ‘change in’, so 
Dd means ‘change in distance’ and Dt 
means ‘change in time’.

1 km = 1 000 m and 100 cm = 1 m
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Example: Calculating speed

A cyclist travels down a very steep hill for 117 m in 9 s. Calculate the average speed of the cyclist.

Dd = 117 m Dt = 9 s v = ?

v = Dd
Dt   

 = 1179  

 = 13 m s–1

Instantaneous speed
Instantaneous speed is the speed at any given moment – if you want to know how fast a car is going at any 
moment, you look at its speedometer.

When instantaneous speed does not change, speed is described as constant, uniform or steady, and is the 
same as the average speed.

Calculating speed

When calculating speed in m s–1, you must change any distances (e.g. kilometres, millimetres) to metres and 
any times (e.g. hours, minutes) to seconds.

1. Jack wants to know how fast he can swim. What two measurements must Jack make to calculate his average 
swimming speed?

  and 

2. Change: a. 25 km to metres 

  b. 38 cm to metres 

  c. 250 min to hours and minutes 

  d. 0.75 h to minutes 

  e. 54 km h−1 to metres per second 

3. a. Draw the symbol that means ‘change in’.  

b. In the box, write the formula for calculating  
speed when time taken and distance are known.

4. A dog runs 100 m in 25 s. Calculate the dog’s 
average speed.

 

5. A skateboarder skates 45 m in 9 s. Calculate her 
average speed.

 

Answers
p.  77
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6. It takes 12 s for Jan to sprint 100 m. Calculate 
Jan’s average speed.

 

7. A dolphin swims 720 m in 1 minute. Calculate the 
dolphin’s average speed in metres per second.

 

8. Charlotte jogs around the 400 m athletic track 
at a constant speed. Her run takes 2 minutes. 
Calculate Charlotte’s average speed in metres per 
second.

9. Dave is a world-class swimmer. Swimming 
steadily, Dave can swim 1 kilometre in 10 minutes. 
Calculate Dave’s constant speed in metres per 
second.

10. a.  A car travels 227.5 kilometres in 3.5 hours. 
Calculate the average speed of the car in 
kilometres per hour.

 

b. Read the instantaneous speed of the car in 
kilometres per hour (kph) 
from its speedometer.

istock ID 6818089
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FiNdiNG tiMe aNd diStaNCe FroM Speed 
Sometimes you know the speed but want to calculate time taken or 
distance travelled. You can use the same equation to find any of the 
three variables – speed, distance or time. Put the equation into a 
triangle divided into three parts.

Then cover the variable you want to calculate with your finger and read  
the resulting equation from the triangle, as in the following diagrams. 

Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Examples: Calculating time and distance from speed

Time

Calculate the time George rides a wave if he is surfing with an average speed of 3 m s–1 and he 
travels a distance of 36 m.

Dd = 36 m  v = 3 s  Dt = ?

Dt = Dd
v

 = 36
3

 = 12 s
Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Distance

Still surfing with an average speed of 3 m s–1, George catches another wave 
and travels for 15 seconds. How far does George travel on this wave?

  v = 3 m s–1  Dt = 15 s  Dd = ?

��Dd = v × Dt

 = 3 × 15

 = 45 m
Δd
v

Δt = Δd = v × Δt

Δd

v Δt

Δd

v

Speed Time Distance

Δt

Δd

v Δt

Δd
Δt

v =

× × ×

Δd

v Δt×

∆d
∆tv = 
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Calculating time and distance from speed

1. a.  In the box, write the formula for calculating 
time taken when speed and distance are 
known.

 b.  Isla’s motor scooter travels at an average 
50 km h–1. Calculate how long it will take 
Isla to travel 175 km on the scooter, if she 
does not stop.

 

2. Sione walks at an average speed of 3 m s–1.  
How long will Sione take to walk 4 500 m?

 

3. a.  Eddie takes 40 seconds to swim 20 metres. 
Calculate his speed.

b. If Eddie continued to swim at the same 
speed, how long would it take him to swim 
1 kilometre?

 

4. Calculate the time it would take for a skier 
travelling at an average speed of 5 m s –1 to travel 
down a slope that is 270 m long.

 

5. At the Commonwealth Games in Delhi, Gareth 
Kean won the men’s 200 m backstroke silver 
medal, swimming at an average speed of 
1.7 m s–1. Calculate Gareth’s time for the race, 
in minutes and seconds.

 

6.. In the box, write the formula for calculating 
distance, when you are given speed and time.

7.  A cyclist is travelling at an average speed of 
12 m s–1. Calculate the distance the cyclist travels 
in 2 minutes.

 

Answers
p.  77
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8. Fiona travels on her motorbike for 50 seconds at a 
speed of 30 m s –1. How far does Fiona travel? 

 

9.  If a cockroach runs at an average speed of 
2 km h–1, calculate how far the cockroach travels 
in ten seconds.

 

10. Maria competes in a biathlon. The race has two 
sections – a swim across a lake and a cycle around 
the lake.

 The distances covered and times taken for each 
section are shown in the table.

Section Distance Time

Swim 600 m 15 min

Cycle 20 km 45 min

a. Convert 15 minutes and 45 minutes to hours.

 
b. Use the formula for speed to answer the 

following.
 i.  Calculate Maria’s average speed in 

kilometres per hour for the swim section.

 

 ii.  Calculate Maria’s average speed in 
kilometres per hour for the cycle section.

 

  iii.  Calculate Maria’s average speed for the 
entire race.

 
www.istockphoto.com/photo/triathlon-
participants-running-in-the-water-
39399056?st=ff8c457
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GravitatioNal poteNtial eNerGy (Gpe)
The higher an object is lifted, the more its gravitational potential energy increases. If an object is lowered, its 
gravitational potential energy decreases. Gravitational potential energy depends on mass, measured in kilograms 
and multiplied by the strength of gravity (10 N kg−1), and height, measured in metres. The equation to find the 
change in gravitational potential energy when an object is lifted or lowered is:

change in GPE = mass × gravity × change in height 
 DEP = mgDh

Where:
•	 EP is in J
•	 m is in kg
•	 g is taken to be 10 N kg–1

•	 h is in m

Example:  Calculating gravitational potential energy

A netballer is poised to shoot a goal with a netball that has a 
mass of 450 g. When she raises the ball above her head just 
before beginning to shoot for the hoop, the ball is 2 m above 
the ground. The ball rises to a height of 3.5 m before falling 
down through the hoop and landing on the ground.

a. Calculate the gravitational potential energy the netball has gained when it is at its highest point.

(Note: For use in the equation, mass must be in kg, not g: 450 g = 0.45 kg)

  m = 0.45 kg  g = 10 N kg–1 Dh = 3.5 – 2  DEp = ?

DEP = mgDh

 = 0.45 × 10 × (3.5 – 2)

 = 6.75 J

b. Calculate the gravitational potential energy the netball loses when it falls back down to the 
ground.

  m = 0.45 kg  g = 10 N kg–1 Dh = 3.5   DEP = ?

DEP = mgDh

 = 0.45 × 10 × 3.5 

 = 15.75 J

energy

Energy takes many different forms and changes readily from one form to another. Some forms of energy are active 
(kinetic energy, heat energy, light energy, sound energy); their effects are easily seen or detected.

Example: Energy transformations
When the ball leaves the pitcher’s hand, it has kinetic energy (from potential energy in the muscles of 
the pitcher’s arm).  Some energy is transformed to heat energy by the ball’s friction with the air, and to 
heat and sound energy when the ball hits the bat.

Other forms of energy are stored (potential energy), and have an effect only when they are changed to active 
energy. Some common forms of potential energy follow.
•	 Chemical potential energy – changed to active energy by chemical reactions; food, fuels and explosives 

contain chemical potential energy.
•	 Electrical energy – energy that is stored in a power source such as a battery; this energy is changed to 

active energy when the circuit is switched on.
•	  Nuclear energy – energy that is stored in a nucleus; this 

energy is changed to active energy in nuclear reactors (solar 
energy – light, heat and other forms of energy – is produced 
from nuclear energy deep within the Sun).

•	  Elastic potential energy – energy stored when a spring 
or rubber band is stretched or compressed (it is changed to 
active energy when the tension is released).

•	  Gravitational potential energy – energy an object gains 
when it is lifted up; this energy is changed to active energy 
when the object falls down.

All forms of energy are measured in joules (symbol J). One 
joule is a very small amount of energy, so the kilojoule (kJ) is 
often used: 1 000 J = 1 kJ

to make this fit 2 pages, 
you’ll have to edit 1.5cm

Elastic potential energy is gained  
by the catapult when it is stretched; 
this energy changes to kinetic energy 
of the ball when the ball is released.

Gravitational potential energy 
is gained by the barbell when 
it is lifted; this energy changes 
to kinetic energy when the 
barbell is dropped.
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The triangle made from the equation DEP = mgDh provides other forms of the equation.

DEP = mg × Dh  
ΔEP

mg Δh
 

Change in height Weight (mass × gravity) Change in GPE

Dh = 
ΔEP

mg
mg = 

ΔEP

Δh
DEP = mgDh

Example: Calculating change in height

Before a 900 kg car rolled off a cliff, the car had a gravitational potential energy of 198 000 J relative 
to the bottom of the cliff. Calculate the height of the cliff, in metres.

DEP = 198 000 J  m = 900 kg  g = 10 N kg–1  Dh = ?

Dh  = 
ΔEP

mg

 = 
198 000
900 × 10

 = 22 m

ΔEP

mg Δh
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Gravitational potential energy
1. Explain what is meant by the term ‘gravitational potential energy’, and give an example.

2. A boy who has a mass of 55 kg climbs 11 m up 
a tree. Calculate the boy’s gain in gravitational 
potential energy.

 

3. A bodybuilder lifts a barbell with weights on it 
from the floor to a height of 1.8 m. The barbell’s 
total mass with the weights is 90 kg. Calculate 
the gain in gravitational potential energy of the 
weighted barbell.

 

4. A force of 2 000 N is needed to lift a piece of 
furniture onto a trailer. The tray of the trailer 
is 0.6 m above the ground. Calculate the 
gravitational potential energy gained by the 
piece of furniture when it is on the tray of the 
trailer. (Hint: The lifting force will be equal to the 
item’s weight.)

 

5. A rugby ball resting on a shelf has a mass of 
400 g. The shelf is 1.5 m above the ground. 
Calculate the gravitational potential energy lost by 
the ball when it drops off the shelf and lands on 
the floor.

 

6. Cindy has a mass of 65 kg. She is standing on 
a platform 4 m above the ground. Calculate the 
gravitational potential energy Cindy loses when 
she climbs down to another platform, 1.6 m 
above the ground.

 

Answers
p.  81 www.istockphoto.com/photo/

young-boy-tree-climbing-
39908834?st=8de0c43
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7. A basketball, which has a mass of 0.6 kg, drops through a hoop 
3 m above the floor, as shown in the diagram.

 a.  Calculate the gravitational potential energy of the ball at 
3 m and at 1.5 m.

  GPE of ball at 3 m: 

  

  

  GPE of ball at 1.5 m: 

  

  
 b.  Using your answer from a. and being aware that 

gravitational potential energy changes to kinetic energy 
(GPE → EK) as the basketball falls, label the diagram to 
show the comparative amounts of gravitational potential 
and kinetic energy at the hoop (3 m), halfway as the 
basketball drops (1.5 m), and just before the basketball hits the ground (0 m).

8. When a pendulum swings, its energy constantly changes from gravitational potential energy to kinetic 
energy, and back to gravitational potential energy. Left to itself, the pendulum eventually stops moving. 
Suggest where the pendulum’s energy goes.

9. A 0.20 kg ball is thrown vertically upward to a height of 3 m from 
a point 1.2 m above the ground.
a. Calculate the gain in gravitational potential energy of the ball 

when at its maximum height.

 
 b.  Explain whether the gravitational potential energy the ball loses 

when it drops to the ground is the same as, less than, or greater 
than the gravitational potential energy it gained on the way up.

 

10. An archer shoots an arrow (mass = 0.03 kg) vertically upwards so that the arrow gains 45 J of gravitational 
potential energy. Calculate the height the arrow gains.

1.5 m

GPE =

EK =

GPE =

EK =

GPE =

EK =

www.istockphoto.com/photo/
girl-playing-with-a-red-ball-
24129353?st=dab1c32
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Calculating speed (page 2)
1. Distance swum and time taken.

2. a. 25 × 1 000 = 25 000 m

b. 38
100

 = 0.38 m

c. 250 = (4 × 60) + 10; 4 × 60 minutes = 4 h, plus minutes; 
answer is 4 h and 10 minutes

You could have worked this out as  

250
60  = 4.16̇ = 4 h + (0.16̇ × 60) minutes = 4 h and 10 minutes

d. 0.75 × 60 = 45 min

e. 54 km h−1 = 54 × 1 000 metres per hour = 54 000
60  metres

 per minute = 54 000
60 × 60  = 15 m s−1

3. a. D

b. v = 
∆d
∆t

4. v = 
∆d
∆t  = 

100
25  = 4 m s–1

5. v = 
∆d
∆t  = 

45
9  = 5 m s–1

6. v = 
∆d
∆t  = 

100
12  = 8.3 m s–1

7. v = 
∆d
∆t  = 

720
60  = 12 m s–1

8. v = 
∆d
∆t  = 

400
120  = 3.3 m s–1

9. v = 
∆d
∆t  = 

1 000
600 = 1.7 m s–1

10. a. v = 
∆d
∆t  = 

227.5
3.5  = 65 km h–1

b. 44 kph (approx.)

Calculating time and distance from speed (page 5)

1. a. Dt = 
∆d
v

b. Dt = 
∆d
v  = 

175
50  = 3.5 h

2. Dt = 
∆d
v  = 4 500

3
 = 1 500 seconds = 25 min

3. a. v = 
∆d
∆t  = 20

40
= 0.5 m s–1

 b. Dt = ∆d
v  = 1 000

0.5
 = 2 000 seconds = 33 min

4. Dt = 
∆d
v  = 

270
5  = 54 seconds

5. Dt = 
∆d
v  = 

200
1.7 = 117.65 s = 1 m 58 s

6. Dd = vDt

7. Dd = vDt = 12 × (60 × 2) = 12 × 120 = 1 440 m

8. Dd = v × Dt = 30 × 50 = 1 500 m (or 1.5 km)

Answers

9. Dd = vDt =  2 × 1 000
60 × 60

 × 10 = 5.5 m

10. a. 15 min = 
15
60  = 0.25 h; 45 min = 

45
60  = 0.75 h

b. i. v = ∆d
∆t

 = 
0.6
0.25 = 2.4 km h–1

 ii. v =  ∆d
∆t

 = 
20

0.75 = 26.7 km h–1

 iii. v = ∆d
∆t  = 

20.6
1  = 20.6 km h–1

Distance-time graphs (page 9)
1. a. i. slow steady speed

 ii. stationary

 iii. fast steady speed

b. i. 5 m

 ii. v = 
∆d
∆t  = 

10
2  = 5 m s–1

 iii. v = 
∆d
∆t  = 

6
3  = 2 m s –1

c. i. 3 s (0 to 3) + 1 s (9 to 10) = 4 s

 ii. 9 – 3 = 6 s

2. 

t

d

t

d

t

d

t

d

t

d

t

d

a.

d.

b.

e.

c.

f.

3. a. v = slope = 
∆d
∆t  = 

10
2  = 5 m s –1

b. stopped / stationary

c. v = slope = 
∆d
∆t  = 20 –10

1
 = 10

1
 = 10 m s–1

d. 3 seconds

e. 5+0+10+0
6

 = 
15
6  = 2.5 m s–1
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area 42–43
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constant speed 2
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distance 1, 4, 7, 19–20, 55–56
distance-time graphs 7–8
drag (air resistance) 38

elastic potential energy 46
electrical energy 46
energy 46, 61
energy conservation 52

force 26, 28, 30, 55–56
friction 36

gradient (slope) 7
gravitational potential energy 46–

48, 55
gravity 33–34

height 47–48

instantaneous speed 2

joule (J) 46, 55

kinetic energy 51–52

lifting  55

mass 28, 30, 33–34, 52

negative acceleration 
(deceleration) 7, 13

newton (N) 26
nuclear energy 46

power 60–61
pressure 42–43

rate 60
reaction force 26
reducing friction 36

slope (gradient) 7
speed 1–2, 4, 7–8, 52
speed-time graph 18–20
static friction 36
steady speed 2
support force 26
surface 36

terminal velocity 38
thrust 26
time 1, 4, 7, 60–61

unbalanced forces 26
uniform speed 2
unit of measurement 1, 13

watt (W) 60
weight 33–34
work 55–56, 60–61
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