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PhysIcaL WorLd

Energy
• Energy is the capacity to do work or produce heat. 
• Energy comes in many different forms, which fall into two groups – potential energy and active energy.

Potential energy
Potential energy is stored energy.
Some of the forms of potential energy are chemical, nuclear, gravitational and elastic. 

Write the four forms of potential energy alongside their descriptions in the following table. 

Form of potential 
energy

Description

The energy stored in objects which are raised up above the ground.

The energy stored in the nucleus of every atom.

The energy stored in chemical bonds and released in chemical reactions.

The energy stored in springs, etc. which are stretched or squashed.

Identifying potential energy
Complete the following table. Uranium has been done for you.

Object
Most obvious 

form of 
potential energy 

Object
Most obvious 

form of 
potential energy 

Uranium (a 
radioactive 
element)

Nuclear
Catapult 
ready to fire

 

Trampolinist 
at the top of 
a jump

 

Trampolinist 
at the 
bottom of a 
jump

 

Container of 
petrol

 Hamburger  

Answers
p.  269
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Object
Most obvious 

form of 
potential energy 

Object
Most obvious 

form of 
potential energy 

The Sun  A peanut  

Energy 
drinks

 
A torch 
battery

 

Rocket Lab 
rocket

 

Humpty 
Dumpty at 
the top of 
the wall

 

Space 
Station in 
orbit

 

Humpty 
Dumpty at 
the bottom 
of the wall

 

Energy in play …

 

This woman is 
about to jump off 
a platform 134 
metres above 
the Nevis River, 
attached to a 
bungee cord …

Same woman, 
now nearer the 
Nevis River, (still) 
attached to a 
bungee cord …

1. What is the bungee jumper about to do in the left-hand picture? 

2. What is she about to do in the right-hand picture? 

3.  So, she has the potential to  at the top and the potential to  at the 
bottom.

4. She falls because of  , and she springs back up because of 

5. Where does she have most gravitational potential energy? 

6. Where does she have most elastic potential energy? 
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Nuclear potential energy
1. Tick the objects in the following table that are made up of atoms. Hydrogen has been done for you.

Hydrogen 
molecules 

(H2)

Uranium 
(U)

Sun Peanut
Water 
(H2O)

Space
Carbon 
dioxide 
(CO2)

Asteroids

Is it 
made of 
atoms?

✔

2. Nuclear potential energy is defined as ‘the energy stored in the nucleus of every atom’.

 List the object(s) which has (have) no nuclear potential energy.

3. Nuclear potential energy is only released in nuclear reactors or nuclear explosions. Luckily for us,

 the energy released when you eat your lunch, or carry out an experiment, is  potential 
energy, and is much, much less! 

E = mc2 (a research project)
Albert Einstein, one of the greatest scientists of all time, related energy to  
mass in the famous equation:

E = mc2

This is what it means: 

E is the amount of potential energy (in Joules), in an object

m is the mass (in kg), of the object

c  is the speed of light = 300 000 000 m/s – the fastest speed there is! 

c2  is the speed of light, squared = (300 000 000 × 300 000 000) 
= 90 000 000 000 000 000 m2/s2

Because the equation includes such a huge number (c2), the 
amount of potential energy in even a tiny amount of any 
substance is colossal. So, the energy stored in one gram of 
matter – approximately the mass of a peanut – is equivalent 
to the following:
• 25 million kilowatt-hours (very powerful!), or
• 22 billion kilocalories (extremely fattening!), or 
• 22  kilotons of high explosives (deafeningly loud!)

Albert Einstein

Detonated atomic bomb
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The nuclear energy of one peanut 
1. a. How many kilowatt-hours does the average New Zealand household use each year?

b. How many houses could be supplied with electricity for a year with the nuclear energy from one peanut?

2. a.  How many kilocalories does the average Year 9 student take in each day in the form of food?

b. How many Year 9 students could be supplied with food for a year with the nuclear energy from one 
peanut?

c. How many trucks, each capable of carrying 10 tonnes of high explosives, would be needed to carry the 
explosive equivalent of the nuclear energy of one peanut?

Active energy
Some of the forms of active energy are heat, light, kinetic, sound and electrical. Write the five  
forms of active energy alongside their descriptions in the following table. Heat has been done for you.

Form of active energy Description

1. Heat The energy of moving atoms and molecules.

2. The energy carried by electrons moving through an electrical conductor.

3. The energy given out by hot objects and some animals (e.g. glow-worms).

4.
The energy which travels through the air from a vibrating object (e.g. a 
guitar string).

5. The energy of a moving object.

Identifying active energy
You will need two coloured pens or pencils.
• Use one colour (red would be good) to tick the main form of active energy possessed or produced by each 

object.
• Use the other colour for any other forms of energy.

A torch has been done for you. A torch gives off both light and heat – but the main form of energy is light.

Object Light Heat Electrical Kinetic Sound

Torch ✔ ✔

Heater

Cell phone

Generator

Car

Toaster

Answers
p.  270
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Object Light Heat Electrical Kinetic Sound

Shooting star

Speaker

Fire-fly

Nerves

Wind

Fire

Radio

Moon

Fluorescent tube

Lightning

Iceberg

Energy transformations and energy equations
Energy transformations occur every time a chemical reaction takes place, a light 
switch is turned on, or a person takes a breath.

A chemical transformer
The term transformation describes how energy can change from one form to 
another.

A light stick contains two chemicals in separate containers.

When you bend a light stick, the inner container breaks and the two  
chemicals mix.

The chemicals react to produce light.

1. What form of energy is stored in an inactive light stick?

2. What form of energy is produced by an active light stick? 

3. Therefore,  energy has transformed into  energy.

It’s easier to write this as an energy equation: Chemical potential energy  Light energy 

More energy equations
Fill in the gaps in the following table with the main forms of energy.

Situation Energy equation

Fire  Chemical potential energy ➡ Heat energy

Bulb   energy ➡  energy 

Toaster   energy ➡  energy 

Electric motor   energy ➡  energy 

Light sticks

Answers
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Situation Energy equation

Petrol generator   energy ➡  energy 

Ringtone   energy ➡  energy 

Drawing a bow (and arrow)   energy ➡  energy 

Releasing an arrow   energy ➡  energy 

Charging a battery   energy ➡  energy 

The Sun   energy ➡  energy 

When is a motor not a motor?
The same machine is used in both of the experiments shown, but in one of them it is acting as a motor,  
and in the other as a generator.

machine
battery

axle

mass

machine axle

mass

bulb

The machine is connected to a battery and 
the mass is lifted vertically.

The machine is connected to a bulb and 
the mass is allowed to fall freely.

1. Draw an arrow on each of the diagrams above to show which way the mass is moving.
2. The following five forms of energy are either used up, or produced, in the two preceding experiments: 

Kinetic Light Electrical Chemical potential Gravitational potential

 Complete the following table by writing one of the forms of energy in each space. The battery has been done 
for you.

Device What form of energy does it use?
What form of energy does it 

produce?

Battery Chemical potential Electrical

Bulb 

Electric motor

Electric generator

Rising mass

Falling mass

 a. In which experiment is the machine acting as a motor? 

 b. In which experiment is the machine acting as a generator? 

Answers
p.  271
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c. Use the information in the table to write down the energy chains occurring in each experiment.
i. Left-hand side experiment, from battery to machine to rising mass: 

  ➡ ➡ ➡

ii. Right-hand side experiment, from falling mass to machine to bulb:
  ➡ ➡ ➡

 d. Which of the six devices get warm when in use?

 e. Which form of energy is always lost from a warm object?

f. Does all the chemical potential energy used in the battery end up in the gravitational potential energy of 
the raised mass? Explain your answer. 

g. If there isn’t enough rain, the water levels of our hydro lakes get dangerously low. Why don’t they just 
pump water back up to fill them?

h. In the right-hand side experiment, electricity is produced by using a falling weight to spin a generator. 
How could you use a stream, or the wind, to spin a generator? 

Energy makes the world go round –  
the source of all our power
In the diagram, the electricity for the house has 
come from a hydro dam via falling water.

1. In the table following, write the energy equation for each of the transformations.  
The first two have been done for you.

Energy sources Energy equations

The Sun  Nuclear energy ➡ Solar energy 

The water surface  Solar energy ➡  Kinetic energy (of the rising water vapour)

Rising water vapour ➡

Falling rain and flowing rivers ➡

Hydro dam ➡

clouds

sea

rain

hydro damwater 
vapour

Sun

Answers
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2. Now string the five energy equations into one long energy chain:
 Nuclear energy ➡                                                 ➡                                                  ➡
                                                   ➡                                                  ➡ Electrical energy

The source of all our fuel – a research assignment
In New Zealand, hydroelectric power is produced. Electricity is also produced from other resources in New Zealand.

Huntly Power Station – 
burning fossil fuels, e.g. coal

Power for the Cape Reinga Lighthouse is supplied 
from battery banks charged by solar panels.

Wairäkei Power Station – 
geothermal steam

Te Äpiti Windfarm, Manawatü Gorge 
– wind turbines

Y9 Science LWB 2019.indb   152Y9 Science LWB 2019.indb   152 19/10/20   9:32 AM19/10/20   9:32 AM



Physical World – Energy  153

 978-0-947504-96-0 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994

1. Explain how fossil fuels were formed. 

2. Explain how heat from a fire can be used to produce electricity. 

3. Where does geothermal energy come from? Explain.

4. Explain how the wind can be used to produce electricity.

5. Find out if photovoltaic solar panels work on light or heat. 
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Energy puzzles 

Energy 1
1 Across

2. 300 000 kilometres per second is its speed (5)
4. Energy always produced by friction, e.g. by 

rubbing your hands together (4)
5. Energy in a squashed spring (7) 
6. Energy in a moving object (7)
7. Change in the form of energy (14) 
9. Stored energy (9) 

Down
1. Energy in fuels (8) 
3. Potential energy in a raised object (13) 
8. Energy inside the Sun (7)

2 3

4

5

6

7 8

9

Answers
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ansWers

My address in the universe (page 1)

Your country New Zealand

Your hemisphere  
(northern or southern?) Southern

Your planet Terra (Earth)

Your planetary system Solar system

Your galaxy Milky Way

Your universe The Universe 

There is only one Universe, since it is defined as being ‘everything existing’.

Laboratory equipment (page 6)

Test tube Beaker
Conical 

flask
Filter funnel 
with paper

Tripod with 
gauze on 

top

Simple separations (page 8)
1. a. The mud. b. The water.

2. a. Salt. b. The water.

3. The salt passes straight through the filter with the water.

4. Place the mixture into a beaker and fill with water to a height from 
which you can carefully skim off the sawdust (since sawdust floats). 
Pour the water off into another beaker – the sand will be left behind in 
the original beaker. You could separate all the water out by filtering the 
sand. Evaporate the salty water – the salt will remain as a solid. If you 
don’t want to lose the water, you could catch the evaporating vapour and 
condense it back to liquid form by cooling.

Measuring volumes (page 9)
1. 10 mL.

2. a. Volume A = 7 mL  Volume B = 16 mL  Volume C = 34 mL

 b. A

How to carry out an experiment (page 9)
Part 1: Writing up an experiment

Aim
To find out if a measuring cylinder is more accurate than a beaker for 
measuring volumes.

Hypothesis
A measuring cylinder is more/less accurate than a beaker for measuring 
volumes.

Method
Fill the beaker with water from the wash-bottle to the x mL mark.

Carefully pour every drop of water from the beaker into the measuring 
cylinder.

Read the volume from the bottom of the meniscus.

Results
Volume of water in the measuring cylinder = …. mL

Conclusion
The measuring cylinder gives a more accurate measurement than a beaker.

Part Two: Fair testing 
1. The brand of cola, and the temperature of the drinks.

2. Because most students would prefer a cold drink, no matter what brand 
it was.

3. Have everything the same except for the brands.

4. Only one – the brands.

5. That your friend preferred ‘Cola X’.

6. Because you are testing only one person’s taste preferences. It is not 
fair to extrapolate these results to the whole class, because you have 
not tested the whole class, just one individual. Also, there was only one 
taster – other people may prefer ‘Cola Y’.

7. Have more tasters to get a bigger sample / more accurate survey.

8. One only. 

9. The more samples there are (ideally a minimum of 10 repeats for each 
person) and the more people you have, the more accurate the results. 

The Bunsen burner (page 11)
1. The scientific one is 2–D.
2. 

gas tube

barrel

collar
air-hole

base

3. The collar.

4. Gas tube.

5. Air-hole.

6. Top of the barrel. 
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Safety first! (page 12)
1. Extremely hot – 600 °C or more.

2.  A nasty burn.

3. It can catch fire.

4. Blind them.

5. Because the gas will still be coming out.

6. It burns so fast you usually end up dropping it.

7. The bench.

Action!

1. Lighting a match.

2. Before.

3. After.

4. It gets noisier.

5. From yellow to blue.

6. So that the flame can be easily seen.

7. Diagram of Bunsen flame with 
air-hole closed.

Diagram of Bunsen flame with 
air-hole open.

Comparing the two flames

1. Air-hole
How long did it 

take to boil  (min)?
Did the boiling tube stay clean, 

or get dirty?

Open Less Clean

Closed More Dirty black (soot)

2. a. Blue.

 b. Blue.

 c. Blue.

3. a. Yellow.

 b.  Yellow.

A closer look at the blue flame
1.

blue ‘cone’

Bunsen

2. No. 

3. Shows that the blue flame cone is hollow – hot outside, ‘relatively’ cold 
inside.

Summary
1. The Bunsen should be lit with the air-hole closed.

2. The Bunsen flame is blue with the air-hole open, and yellow with it 
closed.

3. The Bunsen flame is best for heating with the air-hole open because it 
is both hotter and cleaner.

4. The Bunsen flame is safer for leaving with the air-hole closed because 
the yellow flame is more visible.

5. The centre of the blue cone of a Bunsen flame is cold; the hottest part of 
the flame is at the top of the blue cone.

Burning magnesium (page 15)
1. a. Silver.   b. Intensely white. 

 c. White.   d. White. 

2. a. Heat and light. 

 b. i. Yes. 

  ii. A white ash/powder.

3. Oxygen.

4. Magnesium oxide – a compound of magnesium and oxygen.

5. In flares and fireworks. 

Magnesium used to be used in photographic flash-lights.

Graphs (page 16)

Exercise 2: Heating water

0

20

40

60

80

100

120

Temperature vs Time for water heated over a Bunsen burner

Time (minutes)

Temperature
(degrees C)

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Hot water (page 19)

Your hypothesis
The water’s temperature will not increase evenly if heat is supplied at a 
steady rate.

Method   Questions

Your scientific diagram 1. Yes.

2. Yes.

3. No.

Conclusion
The temperature of the water did not 
increase evenly.

More questions
1. It levelled off.

2. Heating water from 99 °C to 100 °C.

3. It boils / changes to steam.

4. a. To spread the heat evenly. 

 b. Because the glass will be hotter than the water. 

 c.  Because the heat supplied by the Bunsen must remain constant for it 
to be a fair test.
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