
Exploring
Science Extra

How Science Works

Fireworks 3

L O N G M A N

A LWAY S  L E A R N I NG



© Pearson Education Ltd 2012  Exploring Science Extra Student Support materials      
 

Exploring Science Extra

Introduction 
Welcome to the latest Exploring Science Extra pack. As we approach the traditional pyro-fest that is 
Bonfire Night, we’re taking a look at fireworks. 

This pack includes a Student Knowledge Booklet and a Teacher’s Guide that outlines some suggested 
activities on this theme. Some of these activities are supported by Activity Sheets.

Each activity is linked to a unit from Exploring Science, making the pack easy to incorporate into your 
teaching. We hope that the activities will inspire and stretch students, taking them slightly outside standard 
curriculum areas, whilst still developing key scientific skills.

Did you know?
The new GCSEs feature a much greater emphasis on the construction of longer answers. With this 
in mind, we’ve added a new Skills Sheet for this pack: Skills Sheet SS60 ‘Arguments, facts and 
opinions’. And, of course, there is a chance to use this sheet (and many of the other Skills Sheets) 
in the activities suggested in this pack. 

There are opportunities throughout Exploring Science for pupils to practice extended writing and 
constructing arguments. Have a look for the tags ‘Lit(EW)’ and ‘Lit(DS)’ that appear in the ‘skills’ 
column of the ‘Topic task planner’ for each topic. 

If you have ideas for other themes or topics that you’d like us to cover in future packs, just let us 
know. Either tell your rep or contact us through the website 

http://www.pearsonschoolsandfecolleges.co.uk/Secondary/GlobalPages/
ExploringScienceExtra/ExploringScienceExtra.aspx

With all good wishes for the winter term,

Mark

Mark Levesley, 

Series Editor
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When we think of fireworks we remember amazing displays of lights, sounds and colour on cold 
winter nights. We think of Guy Fawkes, New Year and wonderful occasions like these.

The use of fireworks didn’t start in Britain however, 
or even in Europe. The main ingredient of fireworks, 
‘black powder’, was invented more than 2000 years 
ago in China. Fireworks are still very important to 
the Chinese and they have continued to refine and 
improve their skills in the science of pyrotechnics — 
the art of fireworks. Chinese fireworks are so good 
that over 90% of the fireworks used throughout the 
world are made in China. 

The first recorded use of fireworks in the UK was 
in 1486, at the wedding of King Henry VII. His 
daughter, Queen Elizabeth I, enjoyed fireworks so 
much that she gave the most skilled firework maker 
the title “Fire Master of England”.

Types of firework
The first fireworks were firecrackers, explosive devices 
that make a lot of noise and, if large enough, can 
do some damage as well. There are now a number 
of other different types of firework. Rockets fly up 
into the air. Bangers and jumping jacks produce 
explosions and bangs. Roman candles fire out bursts 
of coloured fire. Shells climb high in the sky and burst 
into starbursts or flashes of bright light. Sparklers burn 
slowly giving out sparks, which can be of different 
colours.

1 Fireworks past and present

A  Guy Fawkes night means bonfires and fireworks.

B  Fireworks are used in China in festivals to ward off evil 
spirits and to welcome in the New Year.

C  Catherine wheels spin wildly, throwing out jets of 
sparks.

Guy Fawkes night celebrates the failure of 
the gunpowder plot on the 5th of November 

1605, when rebels tried to kill King James I by 
blowing up the Houses of Parliament.

“Remember, remember the fifth of November 
Gunpowder, treason and plot. 

I see no reason why gunpowder treason
Should ever be forgot.”
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The black powder (or gunpowder) in fireworks can produce heat, light and large 
volumes of gas in a series of chemical reactions. Black powder is usually a mixture 
of 75% charcoal (carbon), 15% saltpetre (potassium nitrate) and 10% sulfur. 

The potassium nitrate supplies oxygen for the main combustion reactions. It is known 
as an oxidiser. The first stage involves a reaction between potassium nitrate and 
sulfur. This reaction gives out a lot of heat. 
 

2KNO3 + S →	 K2SO4 + 2NO
potassium nitrate   +   sulfur   →   potassium sulfate   +   nitrogen monoxide

This releases the energy needed to start a reaction between carbon and more potassium nitrate.
 3C + 2KNO3 →	 K2CO3 + N2 + CO2 + CO

carbon   +   potassium nitrate   →		 potassium carbonate   +   nitrogen   +   carbon dioxide   +   carbon monoxide

This reaction releases more energy and large volumes of gas.

Many different gunpowder mixtures have been tried. They are all very dangerous. Many experimenters 
have lost lives and limbs in the search for new more explosive mixtures.

The colours of fireworks are not produced through these chemical reactions. They are formed by the 
presence of certain metals or metal compounds mixed in with the gunpowder. 

For example, powdered magnesium and aluminium burn brightly and produce a brilliant white light.

Chemistry of fireworks

D  Black powder fires 
rockets into the sky.

E  Caves in some parts of the world contain 
large amounts of saltpetre, from guano (bat 
droppings).

 2Mg + O2 →	 2MgO
magnesium   +   oxygen   →   magnesium oxide

 4Al + 3O2 →	 2Al2O3

aluminium   +   oxygen   →   aluminium oxide

Like most chemicals saltpetre has a number of uses. It is found in 
fertilisers, toothpaste for sensitive teeth and meat products. It is also 
used to make glass and nitric acid.

Originally saltpetre was mined, collected from animal droppings 
or made from animal wastes.

As demand has increased, potassium nitrate is now mainly 
manufactured by the chemical industry. This process involves a 
number of chemical reactions. The last reaction in the process 
is a type of reaction called a ‘displacement reaction’. It occurs 
between ammonium nitrate and potassium hydroxide and forms 
potassium nitrate, ammonia and water. 
 NH4NO3 + KOH →	 KNO3 + NH3 + H2O

Ammonium nitrate   +   potassium hydroxide   →   potassium nitrate   +   ammonia   +   water

2
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Fireworks can be exciting, entertaining and 
magical. However they can also be dangerous. The 
chemicals that are used in fireworks are also used 
in conventional weapons. Bangers and bombs both 
contain gunpowder inside a container lit by a fuse. 
The difference between a banger and a bomb is just 
in terms of how big they are and how they are used. 

Danger! Fireworks at work

F  All fireworks contain chemicals that are dangerous 
and must show certain hazard warning symbols.

THE UK GOVERNMENT FIREWORK CODE

•	Only buy fireworks marked BS 7114.
•	Don’t drink alcohol if setting off fireworks.
•	Keep fireworks in a closed box.
•	Follow the instructions on each firework.
•	 Light them at arm’s length, using a taper.
•	Stand well back.
•	Never go near a firework that has been lit. 

Even if it hasn’t gone off, it could still explode.

•	Never put fireworks in your pocket or 
throw them.

•	Always supervise children around fireworks.
•	 Light sparklers one at a time and wear gloves.
•	Never give sparklers to a child under five.
•	Keep pets indoors.
•	Don’t let off fireworks after 11pm.

A ‘hazard’ is something that has the ability to cause 
harm. The explosive chemicals in a firework can 
cause harm and so they are a hazard. 

Every year fireworks cause injury, pain, permanent 
scarring and even death. In the UK, between October 
and November, fireworks injure over 1000 people 
every year. Most injuries involve young people, 
mostly boys, under the age of 16. Rockets are the 
most dangerous and most accidents happen in the 
street or at private garden parties. Even the humble 
sparkler can cause serious burns. Three sparklers 
burning together can be as hot as a blowtorch.

A ‘risk’ is how likely it is that a hazard will cause 
harm. When people are planning to set off fireworks they need to think about how they will reduce the risks of 
harm happening. The UK Government has produced a Firework Code to help people reduce the risks. 

Large public displays are generally safer as they are more organised. Different agencies, like the police 
and fire brigade, have to be involved. Trained staff are used to run the display and all sorts of safety 
precautions are put in place to reduce the risks. 

G  The misuse of fireworks 
can lead to injury.

H  Sparklers cause more 
injuries than any other type 
of firework.
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However even the best laid plans can still go wrong. A bonfire night display in Oban in 2011 
experienced a technical failure. Thousands of pounds worth of fireworks were set off at the same time. 
The show, that was expected to last about 20 minutes, was finished in 50 spectacular seconds. Luckily no 
one was hurt, but unfortunately many people missed the expensive show.   
http://www.bbc.co.uk/news/uk-scotland-15611160 

I  Firework displays can be both spectacular and safe.

Fireworks and the environment
The chemicals used in fireworks can damage the environment. The smoke from fireworks contains tiny 
particles, which can enter the lungs of animals (including humans) and cause problems. Some of the 
gases produced by fireworks (such as nitrogen oxides, sulfur dioxide, methane, hydrogen sulfide, carbon 
monoxide) can also harm the environment. 

Some chemicals used in fireworks are poisonous to animals and can cause problems when they fall onto 
the ground. The rain can wash these chemicals into streams and rivers, causing problems for aquatic 
organisms. 

The lound bangs can frighten animals. 

For these reasons, an environmental impact assessment is carried out when a large-scale display is being 
planned. This assessment is in the form of a report that contains details of all the environmental problems 
that the display may cause. It also gives details of how the environmental problems could be reduced. 

New research is helping to make fireworks less damaging. For example, the Walt Disney Company has 
started to launch rockets and shells using compressed air in their theme parks. This is much cleaner and so 
causes less damage to the environment. 

Danger! Fireworks at work
 continued
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Whizzes and bangs

Whizzes - reaching for the sky
If you blow up a balloon and then let it go, the 

force of the air escaping pushes the balloon in 
the opposite direction. The balloon flies around 
the room until all the air has gone. 

Rockets and shells produce marvellous aerial 
displays in a similar way. The chemical reactions 

of the black powder produce large amounts of 
heat and hot gases. The gases rush out the rear 
of the rocket and produce a force in the opposite 
direction. If this force is greater than the force of 
gravity it drives the rocket into the sky. 

Aiming high
The black powder reactions can supply enough force to propel a rocket to a height of 200 metres at 
speeds of up to 250 km/h.

The speed of the rocket will change during the flight. However we can use the formula below to calculate 
the mean or average speed over the distance travelled. 

J K  The black powder fires 
rockets high in the sky.

The formula triangle:

d = distance
s = mean speed
t = time taken

d

s x t

For example, for a 
rocket that rises to a 
height of 120 metres 
in 2.5 seconds.

 s = d/t
 = 120/2.5
 = 48 m/s
The mean speed is 48 metres per second.

Bangs - the sound of fireworks
Fireworks produce vibrations in the air when they explode and these vibrations 
travel as sound waves through the air. When a sound wave reaches an eardrum 
in one of your ears, they cause the eardrum to vibrate. These vibrations then 
pass from the ear drum to tiny bones inside the ear, which also vibrate. Inside 
the inner ear, these vibrations are changed into electrical signals, and these 
signals travel to your brain. All sounds are detected by your ears in this way. 

When black powder explodes the super heated gases push out at great speeds in all directions. 
This causes sound waves to pile up on each other, producing a shockwave that you here as a bang. 

The fireworks that make whistling noises force the expanding gases through thin tubes, which cause fast 
vibrations and produce sound waves that your ears detect as high-pitched sounds. The crackling fireworks 
usually contain flakes of titanium metal, which crack as they burn.

L  Vibrations cause sound.
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1 Rockets and shells 

Part A Into the air 
Rockets and shells are fireworks, which fly into the air. How high they reach depends on a number of 
different factors including the mass of black powder used and the size of the shell.  

1 List three other variables that could affect the height that a rocket reaches. 

Part B Shell sizes and speed Shell size 
(cm) 

Maximum speed 
(m/s) 

2 32 

4 39 

6 45 

8 51 

10 56 

12 61 

14 75 

16 82 

The table shows the relationship between shell size and the 
maximum upward speed of the shell. 

2  Draw a scatter graph of this data. 

3 Draw a line of best fit through the points. 

4  What pattern (correlation) can you see between shell size 
and maximum speed? 

5  Use your graph to predict the maximum speed of a 20 cm 
shell.    

6  A student thought that the maximum speed of a shell would be reached at its highest point. Do 
you agree? Briefly explain your answer. 

Part C Distance-time graph 
The distance-time graph for a simple 
one-stage rocket is shown opposite. 

The curve shows that the speed is 
changing. 

7    How high does the rocket climb?  

8 Calculate the mean speed of the 
rocket in the time intervals: 

H
ei

gh
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e 

gr
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 (m

) 

Height of a rocket firework after launching 

Time (s) 

 a   0 to 0.5 seconds 

 b   0.5  to 1.0 seconds 

 c   1.0  to 1.5 seconds 

 d   1.5  to 2.0 seconds 

9 When is the rocket travelling fastest?  

10 What happens to the speed of the rocket with time? 

11 Describe what the graph will look like between 2 and 2.5 seconds. Briefly explain your answer. 
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2 Fireworks and bacteria 
 

Sodium chloride is an example of a ‘salt’. We often call it ‘common salt’ and it has been used for a 
long time to preserve food in a process called ‘salting’. It works by greatly slowing down the growth of 
bacteria. Another salt, called potassium nitrate, is commonly found in fireworks. Your task is to plan 
an investigation to find out if potassium nitrate can reduce the growth of bacteria and if it does, 
whether this effect depends on the concentration of the potassium nitrate. 

Safety 
• Wash hands with soap and warm water after handling Petri dishes and bacteria culture bottles.  

• Do not open Petri dishes that have been used to grow microbes. 

 

Apparatus 
• 4 Petri dishes containing agar 
 (Three with different concentrations of 

potassium nitrate, one without any nitrate.) 
• Sealed bottle with bacteria culture 

• Pasteur pipettes  

• glass spreader  

• sticky tape 

• marker pen 

• beaker of 70% ethanol 

 

Planning 
1 State the idea (hypothesis) that you are going to test and make a prediction about what you think 

will happen. Which agar plates do you think will have the most and least growth of bacteria? Why 
do you think this will happen? 

2 Write a step-by-step plan for this investigation. Include all the apparatus in the list above in your 
instructions and any other apparatus you think will be needed.  

3 State clearly what you are going to measure and record during this investigation. 

4 Don’t forget to include information about hazards and reducing the risks from those hazards. 
Copy and complete the two safety bullet points that have been started in the box above. 

Recording your results 
5 Design a suitable table in which to record your results.  

Considering your results/conclusions 
6 Explain how your results will tell you whether the idea (hypothesis) that you have tested is right 

or wrong. 

 



 

Exploring Science Extra Student worksheet   © Pearson Education 2012 
 

Colourful fireworks 3 
The photograph on the front cover of the booklet shows four different starburst colours. Your task is 
to find out which chemicals could have been used to produce these colours. 

Safety 
Wear eye protection. 

Some of these solutions are toxic and corrosive. Any splashes should be reported and washed with 
lots of water. 

Apparatus 
• 100 cm3 beaker 

• Bunsen burner 

• heat mat 

• dilute hydrochloric acid 

• distilled water 

• dimple tile 

• dropper 

• wire loop 

• spatula 

• samples of different, named chemicals. 

Method 
A  Set up the Bunsen burner on the heat mat and adjust for a light blue flame. 

B  Clean the wire loop by dipping it in some hydrochloric acid in a beaker and holding it in the flame. 
(The loop is clean if the flame colour does not change.)  

C  Use a spatula to place a few crystals of one chemical in a dimple. 

D  Use the dropper and add 2–3 drops of distilled water  

to the crystals. 

E  Dip the wire loop into the solution in the dimple tile. 

F  Hold the loop at the edge of the blue Bunsen flame. 

G  Note and record the colour produced. 

H  Repeat step B to clean the wire loop.  

I  Repeat steps C to H for the other substances. 

Considering your results/conclusions 
1 Draw up a table to record your results.  

2 Which of the chemicals could have been used to produce the colours in the photograph? 

Considering your results/conclusions 
3 Which kind of element is responsible for the flame colour? How do you know this? 

4 Can you be sure that you have identified the correct chemicals that were used in the fireworks? 
Briefly explain your answer. 

5 Is there any colour that could not have been produced by the given chemicals? 

Evaluation 
6 Identify any difficulties you had with this experiment. Suggest what you could do to overcome 

these difficulties and help you to be more sure about your conclusion. 
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4 Reaching for the stars 
 

Into the air 
The data opposite shows how the upward force produced by a 
rocket weighing 0.4 kg changes after it is ignited.  

1  Draw a scatter graph and line of best fit of this data. 

2  How does the upward force produced by the rocket change 
during the first second after ignition? 

 
To thrust the rocket into the sky the upward force needs to be 
greater than the downward force of gravity. This downward force 
can be calculated by using the equation below. 

 
 

 
 

 
3 Calculate the downward force of gravity on the 0.4 kg rocket. 

4  Use your answer to question 3 and your graph to estimate the time taken after ignition, until the 
rocket lifts off. 

Rising high 
If we know that a 0.4 kg rocket produces an mean (average) upward force of 20 N for 3 seconds, we 
can calculate the height the rocket will climb by using the three equations below. Note that the 
acceleration of something is a measure of how fast its speed is changing.  

 
 
 
 
 
 
 
 
Step 1 First work out the acceleration of the rocket produced by the mean force of 20 N. 
 (Hint: rearrange equation 1 to give a  =  f / m. ) 
 
Step 2 Then work out the mean speed of the rocket. 
 (Hint: use equation 2.) 
 
Step 3 Finally use the mean speed to calculate the distance travelled or height reached. 
 (Hint: use equation 3 rearranged.) 

Time after 
ignition (s) 

Upward 
force (N) 

0 0 

0.1 2.1 

0.2 4.4 

0.3 6.3 

0.4 8.5 

0.5 10.7 

0.6 12.8 

0.7 14.8 

0.8 17.0 

1.0 19.2 

f = force(N) 

m = mass (kg)  

g = force of gravity 

f  =  m  x  g 

Note: force of gravity = 10 N/kg 

equation 1   f  =  m x a 
equation 2   s  =  a x t 
equation 3   s =  d / t 

f = upward force  (N) 
m = mass of rocket (kg)  
s = speed (m/s) 
a  = acceleration (m/s/s) 
t = time (s) 
d = distance/height reached (m) 
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1

SS60 Arguments, facts and opinions  

  
 
A fact is a statement that can be shown to be correct. We often deal in facts in science. Facts are 

developed by doing investigations and then repeating the investigations and getting the same results.  

An opinion is a statement that someone believes to be true. Opinions may make use of facts. 

However, part of an opinion will be something that has not been shown to be true or cannot be 

shown to be true. For example, ‘Liquorice is the best sweet’ is an opinion but cannot be shown to be 

true. You can’t do experiments to show this! Opinions are often not scientific, although scientists 

have opinions on many things and, like everyone else, they get into arguments. 

0BStructuring an argument 

An argument is an attempt by an individual or group to persuade others to agree. If someone 

makes a persuasive argument they will convince others that they are right. 

An argument often has this form: 

• A simple statement of your opinion. 

• Your first reason why you believe your opinion to be true, including any evidence you have to 

support your opinion (e.g. results from investigations).  

• Your second reason (if you have one). 

• Other reasons (if you have them) 

• A summary of your reasons.  

• A statement of your opinion again.  

 

A better argument will include a counterargument. This is a reason why someone might think you 

are wrong. You state the counterargument and say why you think it is wrong.  

 

For example:  

Opinion “I think that we should have a massive firework display in our town.”  

 

First 
reason 

“This is because we all know that people like fireworks and a big display  
would bring people together and create a good community atmosphere. “ 

 

Second 
reason 

“We could also charge an entrance fee for the display and raise  
some money for a local charity.”  
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2

SS60 Arguments, facts and opinions  

 

Counter 
argument 

“Some people say that firework displays scare animals, such as pets.”  

 

“However, we could put leaflets out telling people when the display  
is going to be and to keep their pets inside. Displays like this only happen  
very rarely so it is not likely to cause a big problem.”  

Response 
to counter 
argument 

 

Summary and 
another 
statement of 
the opinion 

“To create a community atmosphere and to raise some money  
for a good cause, I say ‘Let’s have a firework display!’.”  

 

1BMaking an argument more persuasive 

When writing your argument, also bear these points in mind:   

• Always state things simply and clearly. 

• Try to have have two or three good reasons to support your opinion. 

• Use relevant facts to support your opinion. 

• Make sure your facts are correct. 

• Try to persuade people by: 

o adding things to your argument that you know most people will agree with (even if they 

don’t share your opinion)  

o using facts selectively (using only the facts that support your opinion and not 

mentioning that the ones that do not!) 

o using phrases such as ‘Scientists have shown …’ to give your reasoning a sense of 

authority 

o using questions that have no real answer but are designed to get people to agree with 

you (e.g. Can he not see how wrong he is?) 

o using emotive language (for example, words like ‘death trap’, ‘hideous’, ‘life-changing’, 

‘grim’, ‘shocking’ add a sense of drama). 

o repeating your opinion and evidence. 

 

I CAN…  • construct an argument 
• recall the difference between facts and opinions. 
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1

3 Fireworks 
  

Planning a fireworks display    Exploring Science link: 7C 
This activity provides an opportunity for students to think about hazards and risks. Using the stimulus 
material in the Student Booklet, and their own research, ask students to design a checklist to be used 
by the council when deciding whether to allow a big fireworks display in a park.  
Students should work in small groups to think of all the things about a firework display that might be 
hazardous to a park habitat and its organisms. Their ideas might include accidents (e.g. setting fire to 
trees) and aspects of noise pollution, air pollution, water pollution and waste. Once students have 
identified a range of possible hazards they should design ways in which the risks from those hazards 
can be reduced. Additional information that the council will need from the display organisers before 
deciding whether the event can go ahead should be in the form of questions.  
Students should decide on the best way to present their ideas (e.g. as a bulleted list, a table).  
For example: 
Hazard How to reduce the risk Additional information needed 
Chemicals in the air causing 
harm 

Limit the number of fireworks 
that produce harmful chemicals 
 

Make sure the display takes 
place in an open area.  

Do the fireworks that are going to 
be used produce dangerous 
chemicals?  

 
Playing safe with fireworks     Exploring Science link: 7E 
This activity provides an opportunity for further study of hazard symbols and gets students to think 
about using things safely. Using the stimulus material in the Student Booklet, and their own research, 
ask students to design a firework safety poster, either indivually or in groups of 4 or 5. The poster 
should include something about each of the following: 

• statistics about fireworks accidents in the UK 
• the safety symbols associated with fireworks 
• some of the science behind fireworks 
• a byline and illustration that is aimed at those most at risk. 

 
Once the posters are complete they should be displayed (either on the wall or electronically). Then 
ask students to work in groups of 4 or 5 to discuss criteria that could be used to judge how suitable 
the posters are for a certain group (e.g. people attending a display, people lighting fireworks). 
Suitable criteria might be the overall impact of the poster, whether all the appropriate safety symbols 
have been used, how easy the poster is to read, the range of different hazards it covers, the range of 
different fireworks, the accuracy of the science, and so on. Ask groups to use their criteria to judge 
the posters and choose a winner; the poster chosen cannot be one of the ones created by members 
of that group.   

Useful web links include: 
HUhttp://www.rospa.com/homesafety/adviceandinformation/fireworks/injuries-gb-2005.aspxU 
HUhttp://www.direct.gov.uk/en/HomeAndCommunity/InYourHome/FireSafety/DG_064665UH  
HUhttp://bis.ecgroup.net/Publications/ConsumerIssues/ProductSafetyFireworks.aspxU 
 
Resources (per student or group): Poster paper, coloured pens, scissors, glue, Skills Sheet 16 (for 
safety symbols, the updated version of which contains the new international symbols), or computer 
and drawing package, internet access. 
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2

3 Fireworks 
 

Rockets and shells      Exploring Science link: 7K/9K 
Activity sheet 1 offers students the opportunity to develop their skills of data handling, relationships 
and graph interpretation.  
The distance-time graph has been simplified to make the tasks easier. However introducing 
calculations of acceleration and distance travelled would extend this exercise. 
Resources (per student):  Activity sheet 1, graph paper. 

Fireworks and bacteria     Exploring Science link: 8C 
Introduce the practical by telling students that one of the main components of fireworks is often 
potassium nitrate, a chemical that is used to supply oxygen to other chemicals in the firework as they 
react. Potassium nitrate is an example of a ‘salt’. Another salt, sodium chloride or common salt, is 
often used to stop bacteria growing on food. If potassium nitrate is spilled during a fireworks display, 
does it have any effect on the bacteria in the habitat?  

This activity focuses on the planning of a practical investigation into the effect of potassium nitrate on 
bacterial growth. If students are to carry out the practical, then they will need to be shown how to 
collect microbes, either from the laboratory surfaces, using sterile wet swabs which are then placed 
in water. See, for example, HUhttp://www2.hendrix.edu/biology/CellWeb/Techniques/samp&inoc.htmlU 

Microbes can also be collected in test tubes of water left open to the air for a few days.  

Potassium nitrate is aded to samples of the water to give differing concentrations: 0 g, 0.1 g, 0.5 g 
and 1.0 g per 100cm3  of water. Samples of the water are then spread over the surface of nutrient 
agar, to make a bacterial lawn.  

The plate should then be taped and incubated upside down at 25 °C for 3 days, before the students 
view their results. Alternatively, you could carry out the practical by following the instructions of one 
or more students and stopping at relevant points to clear up areas of misunderstanding.  

Activity Sheet 2 asks students to design a suitable table in which to record their results. Skills Sheet 
SS27 may be useful for some students. Encourage students to design tables such that the 
independent variable (the variable that is changed) is in the first column and the dependent variable 
is recorded in a column (or columns) to the right.  
 

Safety:  
Wash hands with soap and warm water after all procedures; do not open Petri dishes that have 
been used to grow microbes. 
Petri dishes should be taped for incubation with four pieces of tape (as shown on page 89 of 
Exploring Science: How Science Works Teacher and Technician Planning Guide 8); autoclave the 
plates at the end of this practical.  
Information on salts used to inhibit bacterial growth can be found in the following web link 
HUhttp://nchfp.uga.edu/publications/nchfp/lit_rev/cure_smoke_cure.htmlU 
 
Resources (per student or group): Activity sheet 2, Skills Sheet SS27 and possibly: sterile wet 
swabs, 4 Petri dishes containing nutrient agar; potassium nitrate; bottles/stoppered test tubes to 
contain microbes collected by students; Pasteur pipette; glass spreader; beaker containing 70% 
ethanol for disinfecting.  
Suggested nutrient agar mix: 1.5 g agar; 2 g Bovril; 0.5 g sodium chloride and 10 cm3 of water. Stir to 
form a paste the slowly add more water with stirring until the total volume is 100 cm3. Powdered 
nutrient medium can also be obtained from biological suppliers; if this is used, follow the 
manufacturer’s instructions. 
Directions for the preparation of agar plates can be found in the following web-link 
HUhttp://www.nuffieldfoundation.org/practical-biology/standard-techniquesUH  
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3 Fireworks 
 

Colourful fireworks      Exploring Science link: 8F/G 
This activity gives students the opportunity to plan and carry out an investigation linked to their study 
of qualitative analysis techniques. Page 2 of the Student Booklet introduces the idea of how different 
colours are produced by fireworks. The photograph on the front cover of the booklet shows 4 different 
‘starburst’ colours. The students’ task is to plan and carry out a practical investigation to find out 
which of the available chemicals could have been used to produce these colours. 
Students should be advised of the need to carry out this investigation carefully. In particular, care 
should be taken to avoid contamination of the samples or wire loop, as this will interfere with the 
results. The loops need to be cleaned carefully and tested as described in the sheet. In particular the 
yellow sodium colour is persistent and can conceal other colours.  

It may be necessary to use sodium compounds last or use a different wire loop for them. (Note that 
observing the flame colour through a blue glass filter can filter out the sodium colour.)  

The flame tests are not always unique and the same colour can be produced by a range of different 
metals (e.g. calcium, lithium and strontium all produce a red colour in a flame). 

The Activity Sheet asks students to design a suitable table in which to record their results. Skills 
Sheet SS27 may be useful for some students. Encourage students to design tables such that the 
indpendent variable (the variable that is changed) is in the first colum and the dependent variable is 
recorded in a column (or columns) to the right.  
 

Safety:  
Some of these solids are toxic and the acid is corrosive. Warn students before they start the practical 
that this hydrochloric acid solution is more concentrated than the acid they normally use so they 
should take extra care. Wear eye protection. Any splashes should be reported and washed with lots 
of water.  
 
Resources (per student or group): Activity sheet 3; Bunsen burner and heat mat; bottle of 
hydrochloric acid (2 mol dm–3) (dilute hydrochloric acid can be used instead but does not 
allow such intense flame colours to be produced); wire loop made from nichrome wire (10–
15 cm long); dimple tile; dropper; 100 cm3 beaker; the set of chemicals below (at least two of 
each metal would be required and the bottles should be labelled with the name and ion 
formula.) 
 
Flame tests  
Barium ions Greenish flame 
Calcium ions Brick red flame 
Copper(II) ions  Bluish flame 
Lead(II) ions  White flame 
Lithium  Crimson red flame 
Potassium ions  Lilac flame (best seen thro’ cobalt glass) 
Rubidium ions  Blue flame 
Strontium ions  Crimson flame 
Sodium ions  Persistent yellow flame. 
 
See Hazcards 10A, 19A & 47B. 
The Hazcards also have the procedure for the tests.  
There is also the borax bead test on Hazcard 14. 
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3 Fireworks 

 

Noisy fireworks on trial         Exploring Science link: 8L 
This activity uses the noise made by fireworks as a vehicle to understand how sound is produced and 
to develop thinking skills for making arguments.  
Explain to students that in a court of law the members of the jury often need to be taught about how 
something works to help them reach a decision. A barrister may well ask experts to come to talk to 
the court to help explain things. The barrister will then produce an argument designed to make the 
members of the jury vote in a certain way – either to find the defendant guilty or not guilty.   
Ask students to imagine that the manufacture and sale of noisy fireworks is to be put on trial. Working 
in pairs, students need to prepare a short presentation to a jury about how sounds are produced and 
how fireworks are designed to make certain sounds. They then need to prepare an argument, either 
‘for’ the manufacture and sale of noisy fireworks or ‘against’.  
Students should use the stimulus material in the Student Booklet, and their own research, to help 
them produce their presentations and arguments. This might include, for example, finding out about 
the environmental effect of noisy fireworks and how this can affect humans and animals. Students 
could be prompted as needed with questions, such as: Why do we make noisy fireworks? In what 
way would silent fireworks be different? Can the noise be useful? How does the sound of fireworks 
affect different people and animals? Why are different animals affected differently by different 
noises?  
Throughout this exercise the students should be encouraged to discuss the nature of fact and opinion 
in terms of making arguments. 
If time allows, let students present their work to the class.  

Resources (per student or group): Skills Sheet 60 (Making an argument) 
 

The importance of saltpetre    Exploring Science link: 9C 
This activity concerns one of the bulk industrial chemicals used in the manufacture of fireworks. It 
gives students the opportunity to practice their skills of research, data handling and presentation. 
Saltpetre, potassium nitrate, has had a number of uses over the years and our natural resources are 
running out. Using the stimulus material in the Student Booklet, and their own research, ask students 
to produce a timeline giving information about saltpetre (potassium nitrate), how it has been obtained 
and what it has been used for.  
The students should be asked to include the following words and phrases somewhere in their 
timeline: mining; salt lakes; animal waste; guano; Haber process; Ostwald process; fertilisers; 
explosives; fireworks; meat preservative; toothpaste;  
They should present their work as a series of call outs above and below a timeline. Ways of obtaining 
saltpetre should go above the line, while its uses should go below the line. 
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3 Fireworks 

 

Chemical reactions in fireworks    Exploring Science link: 9F 
This activity is about the chemical reactions which occur in fireworks. Using the stimulus material in 
the Student Booklet, and their own research, ask students to find examples of chemical reactions in 
fireworks. The students should write word and balanced symbol equations for each reaction and 
explain what the reaction does in a firework. 
 
Alternatively, give students unbalanced versions of the equations below to balance and write word 
equations for: 

2KNO3  +  S   →  K2SO4  +  2NO (provides energy to start combustion reaction) 
3C  +  2KNO3  →   K2CO3 +   N2   +  CO2 +   CO  (main combustion releases more energy and gases) 
2KClO3  →  2KCl  +  3O2  (provides oxygen for combustion) 
C  +  O2  →   CO2   (side combustion reaction) 
S  +  O2  →   SO2   (side combustion reaction) 
4Al  +  3O2  →   2Al2O3   (combustion reaction releases light energy in roman candles) 
4Fe +  3O2  →   2Fe2O3   (combustion reaction releases heat and light energy in sparklers) 
2Al  +  Fe2O3  →  Al2O3 + 2Fe  (violent dispacement reaction (thermite) producing heat and light) 
2Al  +  3CuO  →  Al2O3 + 3Cu  (violent dispacement reaction (thermite) producing heat and light) 
 

Reaching for the stars     Exploring Science link: 9K 
Activity sheet 4 offers students the opportunity to develop skills in data handling, presentation and 
calculation. The principles of rocket science have been greatly simplified for these exercises, as the 
tasks are more about practising data handling and manipulating formulae, rather than understanding 
the science behind the formulae. In addition the term velocity has not been used, as the students will 
be more familiar with calculating speeds of objects. 
Further practice in manipulating formulae and calculations could be given using different masses of 
rockets and different average forces. Alternatively, the heights and masses of the rockets could be 
given and the students asked to work out the average force. 
 
Resources (per student or group): Activity sheet 4, graph paper. 
 


	1 ESFireworks layout rev2.pdf
	2 ES_Extra_Fireworks_WS.pdf
	Shell size
	Maximum speed
	Time after ignition (s)
	Upward force (N)

	3 ES_Extra_Arguments_SS.pdf
	Structuring an argument
	Making an argument more persuasive

	4 ES_Extra_Fireworks_TG.pdf



