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This DVD includes over 40 clips; specially selected from 
series three and four of BBC One’s Bang Goes the Theory. 

The clips are divided into groups to accompany the 14 lesson
plans included in this pack that cover a wide variety of topics

from the science curriculum. 
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Welcome to the 
Bang Goes the Theory Teacher’s Pack

Putting science and technology to the test is at the heart of everything we do at

Bang Goes the Theory. We want to inspire a new generation of young people to

get hands-on with science and to nurture a lifelong curiosity for how the world

works and how science shapes the world around us. 

After the success of last year’s Teacher’s Pack, we have created this resource to

make it as easy as possible for you to use the best content from series three and

four of Bang Goes the Theory to deliver practical and engaging science lessons for

your pupils. We hope you enjoy using it!

The Bang Team
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Bang Goes the Theory

This pack takes the most relevant clips from series three and four of Bang Goes the
Theory to bring science to life for 11–18 year olds. It features lesson plans created
around themes from the show, tailor-made classroom resources and includes specific
curriculum and learning links. All relevant clips are included on the accompanying DVD. 

This resource has been designed by BBC Learning in collaboration with science education
experts to:
• make it easy for teachers to deliver practical and engaging science lessons themed 

around the popular TV series;
• inspire students to develop their interest in science;
• encourage students to discover how science shapes the world around us;
• work across the different curricula, syllabuses and exam boards in England, Scotland, 

Wales and Northern Ireland. 

Downloadable versions of the Bang Teacher’s Packs in English and Welsh, as well as clips
featured on the accompanying DVD, are available from bbc.co.uk/teachers/bang

Bang Goes the Theory is the BBC’s guide to popular science and the gang 
are on a mission to reveal the science and technology we encounter every day.

Purpose of the pack
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How to use this pack

We have designed the material in this pack to be as flexible and adaptable as
possible. There are 14 lesson plans and each is devised to fit approximately within a
60-minute lesson. However, we understand that you will probably want to adapt the
content to suit your learning priorities and the needs of your particular class. 

The lesson plans cover a range of topics relating to biology, chemistry and physics.
Each plan clearly states for which age group it is suitable. There are also some
extension ideas at the end of the plans that are more involved and are suitable for
further study or for exploring as part of a science club.

We have designed the lesson plans to enable you to pick and choose topics that fit
within your own scheme of work. Each lesson can stand alone and does not need to
be taught in sequence, so you can use this resource according to your own
requirements. The learning objectives for each lesson are deliberately wide to allow
for differences in curricular requirements across the UK.

Where relevant, we have produced worksheets that sit alongside the lesson plans.
These are designed to be photocopied easily so that they can be distributed to the
whole class. Answers to the worksheets can be found at the back of the pack from
page 90 onwards.

If you’d like even more ideas, head to bbc.co.uk/bang which is jam-packed with
films including highlights from the TV series, hands-on science and web exclusives.  

Health and safety
Please be aware that some of the films included on the DVD contain 
behaviour that could be imitated and is dangerous. Please always make 
it clear to your students that they should not, under any circumstances, 
attempt to imitate any of the experiments carried out by the presenters in 
the films unless told to do so in class, with proper supervision.
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Lesson 1

Habituation
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Habituation

You will need:
• Clips: 1.1 and 1.2 
Demonstration:
• Blindfold
• Three washing-up bowls: one with ice-

cold water, one with hot water 
(approximately 40OC) and one with water 
at room temperature

• Three thermometers

Class practical: 
• Garden snails (one per  group)
• Splints 
• Surfaces to observe snails on, 

e.g. white tiles or 
greaseproof paper

• Plant mister bottles

Suitable for: 14–16 years
Curriculum and learning links: Behaviour
Learning objectives:
• State that habituation is a very simple form of learning.
• Describe how animals learn to ignore a repeated stimulus that is not associated with 

a negative consequence.
• Explain the importance of habituation in the learning of young animals.

Opening activity
• Ask students which behaviours animals are born with and which are learned. 
• Challenge them to give examples. 
• Explain that many scientists now believe that some behaviour patterns that have innate 

components may also be modified by learning.

Development activities

What is habituation?
• Describe to students how, in order to understand complex processes like learning, scientists 

often start with simplified models.
• Explain what habituation is, possibly describing early experiments using the sea hare Aplysia. 
• Can students think of any examples of habituation in humans? You could ask them if 

they are aware of the sensation of their clothes rubbing on their skin whilst they 
move. Do they ‘tune out’ distractions like the TV when they are doing their 
homework?

bgtt_teacherspack_2011_BGTT Teacher'spack 2011  01/12/2011  14:07  Page 6



7

© BBC

Development activities continued...

Thermal habituation
• Demonstrate habituation by recruiting a volunteer and 

asking them to describe what they are feeling after each 
step.

• Blindfold the volunteer and bring out the bowls of hot 
and ice-cold water. Place one of their hands in each 
bowl for one minute.

• Now bring out the third bowl containing water at room 
temperature. Take the volunteer’s hand out of the hot 
water and place it into the third bowl. Return this hand to 
the hot water and place their other hand into the third 
bowl. Now return this hand to the cold water bowl.

• Remove the blindfold and ask them to put both hands 
into the room temperature water at the same time.

• Watch Clip 1.1 in which Dr Yan demonstrates this and 
explains the science behind habituation (desensitisation, 
sensory adaptation) and why it is important for humans.

Studying habituation in garden snails
• Students should work in groups to observe habituation 

in garden snails.
• Snails can often be coaxed out of their shells by 

spraying them and the surface they are resting on with 
water from a plant mister bottle and tempting them 
with some food.

• Students should gently touch the tail of the snail with a 
splint and record how it responds. They could use a 
digital camera, video camera or mobile phone to 
do this.

• Students should be able to see habituation taking 
place when eventually the snail ignores the stimulus.

Habituation
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Want to explore further?
• This lesson could easily be extended into other types of simple learning, 

such as classical conditioning (e.g. Pavlov’s dog experiment).

Reflect and review
• Ask students to share ideas in groups and then suggest the evolutionary 
advantages of habituation. By ignoring irrelevant stimuli, animals can 
focus on relevant ones. Can we use this to our advantage? 

• Watch Clip 1.2 in which Liz habituates herself to immersion in cold water. 

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a 

full risk assessment.
• Students should be told to wash their hands after experimenting with snails.

Technician’s notes:
• It may take an hour or so for cold tap water to rise to room temperature.
• Garden snails can often be found in damp areas and should be collected well in 

advance of the lesson to ensure that enough are found and caught. Snails that seem 
to be dormant can often be coaxed out of their shell by increasing the humidity. 

• Snails should be kept in a well-ventilated large plastic box with a secure lid, slightly 
damp compost on the base, and washed lettuce leaves for food. A plant mister 
should be used regularly to keep the snails moist, especially before handling. Snails 
should be released back into the location where they were found.

• Advice and guidance on keeping snails in captivity can be found 
here: www.petsnails.co.uk/care/intro.html 

• An advisory document on using animals for educational research    
can be found here: asab.nottingham.ac.uk/downloads/guidelines2006.pdf 

Habituation
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Lesson 2
How can 

we extract
oil safely?
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How can we extract oil safely?

You will need:
• Clips: 2.1, 2.2 and 2.3
• Worksheets: 2A (provides more support) 

or Worksheet 2B (provides more 
challenge)

Demonstration:
• Small plastic food container
• Several 100g masses
• Cling film

• Vegetable oil
• Glass trough or washing-up bowl 
• Modified drinking straw (see 

technician’s notes)
• Washed sand
Optional role play:
• Bioaccumulation tokens (see Teacher’s 

Notes 2C for more information) 
• Access to the internet

Suitable for: 14–16 years
Curriculum and learning links:
Crude oil, natural resources, bioaccumulation, pressure
Learning objectives:
• State that crude oil is a non-renewable fossil fuel.
• Explain how pressure is involved in the extraction of crude oil.
• Describe how the extraction of crude oil can affect ecosystems in the event of an oil leak.

Opening activity
• Hand out mini whiteboards or scrap paper and ask students to work in pairs and draw 

diagrams to explain how crude oil is formed. Collect together ideas and summarise.

Development activities

Historical context
Ask students how oil is extracted from the Earth’s crust and what the problems are that
scientists and engineers face. Can they recall any oil disasters? Remind them of the
explosion on the Deepwater Horizon oil rig in the Gulf of Mexico on 20 April 2010 and
the resulting oil spill, which was the largest oil spill in US history.
Why is extracting oil so difficult? Explain to students that oil was first discovered
thousands of years ago, simply oozing out of the ground. The first oil wells were
probably drilled in China around 2000 years ago. The processing of crude oil may have 

begun in the Middle East in the ninth century.

•

•
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Development activities continued... 
Demonstrate the problems that arise from oil being under high 
pressure due to the weight of the rock and water above oil fields.
1. Bury one or two 100g masses underneath some sand in a 

small plastic food container and then fill the rest of the     
container with vegetable oil until it is a few millimetres from 
the top. 

2. Drape a large piece of cling film over the top, leaving no air 
bubbles, and seal the cling film underneath the plastic 
container. 

3. Gently add a layer of sand on top of the cling film until it is 
level with the top of the container. 

4. Place the container onto the bottom of a glass trough and slowly 
add water to the trough, submerging the container without 
disturbing too much sand. 

5. Fill the trough with water to a depth of approximately 
15–20cm. 

6. Now insert the sharp point of the drinking straw through the 
sand and cling film into the oil (which represents the bore hole 
being drilled). Observe as the oil is forced out of the well due 
to the pressure of the sand and water above. The oil should 
rise a short distance up the straw but explain that, in real life, 
the pressure of the rock and the sea water is much higher.

7. You can also simulate an oil leak by disturbing the straw and 
tearing the cling film.

How do engineers avoid disasters?
Show Clip 2.1 in which Jem builds an oil well and succeeds
in balancing the pressure of the oil with clay. He then shows
what can go wrong and how engineers can try to seal the
well.

The effects of oil spills
Show Clip 2.2 in which Liz travels to the coast of Louisiana to see
how brown pelicans are affected by the oil spill and how they can
be treated. Remind students that they are familiar with the action of
detergents to remove grease when washing their hands, but birds
rely on natural oils to keep their feathers waterproof, so cleaning
the birds is a delicate balance.

•

•

•
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Technician’s notes:
• It is probably helpful for the students to see the teacher set up the oil well 

demo in the lesson, but it could be prepared in advance if necessary.
• The tip of the drinking straw should be cut at an angle to produce a sharp 

point to pierce the cling film.

Reflect and review
• Show Clip 2.3 in which the presenters summarise some of the engineering and 

environmental issues. 
• Students could research and write a report on the oil disaster, which they can finish for 

homework. They could use one of the research templates provided. Worksheet 2A
provides students with more support, while Worksheet 2B provides them with a more 
challenging and open-ended set of research prompts. Their report could be presented in 
written format, as a video clip or using presentation software.

Health and safety
• It is the responsibility of the teacher conducting this lesson to  

carry out a full risk assessment.

Want to explore further?
• Explain to students how chemicals can bioaccumulate in a food 

chain and reach a toxic level in predators. The class could take 
part in a role-play activity, arranged into a pyramid of numbers. 
Details are provided on Teacher’s Notes 2C.

How can we extract oil safely?
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Worksheet 2A: 
The Deepwater Horizon disaster

Go to bbc.in/qvbo3j and use the template below to help you research what
happened in April 2010 to cause the largest oil spill in US history.

1. How many workers on the Deepwater Horizon oil rig were killed during the explosion?

2. How long did it take engineers to plug the leaking oil well on the ocean floor?

3. List some animals that have been affected by the oil spill.

4. Describe some other effects that the oil spill has had on the environment and local  
people in the Gulf of Mexico.

5. Now use the hyperlinks on the right of the webpage to explore other related   
CBBC reports. You can also find more information by going to bbc.co.uk/news
and typing ‘Deepwater Horizon’ into the search box. Record what you find below...
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Worksheet 2B: 
Causes and effects of the Deepwater Horizon disaster

Use this list of prompts to help you research the causes and effects
of the largest oil spill in US history. Remember to write down your

sources and try to evaluate how reliable they are.

Find out some facts about the Deepwater Horizon Oil Rig. 
For example:

• How expensive was it to build?

• Where was it located when it exploded?

• How much water and rock could it drill through 
to reach oil?

• For how long was it in operation during its 
career and where?

Find out about the explosion...

• When did it occur?

• What caused it?

• What safety measures were there and why did they not work?

• How many people were killed or injured?

Find out about the oil spill...

• For how long was oil leaking from the well?

• Why did it take scientists so long to stop the leak?

• How much oil escaped? Is this an accurate volume or an estimate?

• How does this compare with other large oil spills?

• Why are scientists and the media so concerned about this oil spill?
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The effects and clean-up...

• How did the oil spill affect the ecosystems on the coast of the USA?

• What strategies were used to minimise this damage?

• How did it affect the local economy (e.g. the fishing industry and tourism)?

• What financial support was offered to help the local people, economy and wildlife?

The bigger picture...

• Why do you think that we are now trying to extract oil from oil fields that are so difficult 
and dangerous to reach?

• What do we use oil for in our daily lives?

• What alternatives are there?

• Do you think that the Deepwater Horizon disaster could have been prevented?

• Do you anticipate other oil-related disasters in the future?
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What to do

Photocopy the necessary amount of ‘toxic’ and ‘leaf’ tokens from the following pages
of this pack.

Arrange students into lines to form a pyramid of numbers/biomass. Remind them of the
different trophic levels from producer to herbivore to carnivores, finishing with one ‘top
predator’. There should be space between the levels to allow you to walk between
them.

Share out the green leaf tokens to the students in the ‘producer’ level. Each student
should have more than five. The students then pass these green tokens to the next
trophic level, to represent energy being transferred when they are eaten. The teacher
should collect some of the tokens at each stage to represent the energy being used up
by the organism for life processes. This should be repeated for each stage of the food
chain. The top predator should have sufficient green tokens to represent its energy
demand. Whilst this does not necessarily show the amount of energy transferred at each
stage in a food chain (only approximately 10%), this number of tokens will be sufficient
to show bioaccumulation. More able students could be asked to evaluate this model
and determine this for themselves.

Now repeat the process, but hand out to each of the producers one toxic token. These
tokens cannot be ‘excreted’ by any organism and so pass up the food chain. Ask
students to reflect on the concentration of the toxin in the tissues of each organism and
how this changes as it moves up the food chain. Note that removing only green tokens
at each trophic level effectively concentrates the toxin, all of which is ultimately passed
to the top predator.

Teacher’s Notes 2C: 
Bioaccumulation of toxins in a food chain

•

•

•

•
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Photocopy this sheet onto orange 
card and cut out the toxic tokens.
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Photocopy this sheet onto green card and cut 
out the tokens. You will need about 50 tokens.
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Lesson 3
Testing 

sun creams
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Testing sun creams

You will need:
• Clips: 3.1, 3.2, 3.3 and 3.4
• Worksheet: 3A 
Class practical:
• Paper towels
• Sheets of 8 x 10 inch photographic 

paper (one per group)
• A4 plastic wallets (one per group)

• Some opaque tape
(e.g. PVC electrician’s tape)

• One shared classroom tray containing   
1 mol dm-3 sodium thiosulfate solution

• One tray filled with water
• A minimum of three sun creams with    

varying SPFs (e.g. 10, 20, 50+) that 
have had their labels removed and 
have been marked A, B, C, etc.

Suitable for: 11–16 years
Curriculum and learning links: Electromagnetic spectrum, DNA, radiation
Learning objectives:
• State that sun creams work by absorbing harmful ultra violet (UV) light and preventing 

it from reaching skin cells.
• Describe how UV light can cause skin cancer.
• Evaluate the effectiveness of sun creams from different manufacturers.

Opening activity
• Ask students how long you can stay in the sun without sun cream on. 
• Ask how many of them have experienced sunburn.

Development activities

Introduction
• Ask students to suggest why we need to use sun cream. 
• Provide students with an explanation of how UV light damages cells and explain the 

link with ozone depletion. 
• Watch Clip 3.1 in which Liz and Dallas explain why some of us are more likely to get 

sunburnt and what this does to our skin. You could also show older or more able    
students Clip 3.2 in which Liz explains how UVB can damage bases within the DNA 
double helix.

Planning an investigation
• Ask students to work in groups to suggest ways to measure the 

effectiveness of sun creams. 
• Share ideas and evaluate. You could discuss the ethics of testing on 

humans when we know that exposure to UV light causes an increased risk 
of skin cancer. Is there something else that can detect UV light? 

• Explain that photographic paper is more sensitive to light at the high 
frequency end of the spectrum than at the low frequency end, which is 
why photographic printers can work in a darkroom under red safelights.
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Reflect and review
• Evaluate the experiment and share results. Were they conclusive?
• Melanin in our skin protects us from harmful UV radiation that can cause damage to the 

DNA in our skin cells and increases the risk of developing skin cancer. Darker-skinned 
people have more melanin and therefore better protection. So, why do we all not have 
dark skin? Can students suggest any answers? Hint that there must be a positive side to UV 
light hitting the skin. 

• Remind students that all humans originated in Africa and some groups travelled north, 
evolving paler skins as they did so. Show Clip 3.3 in which Liz explains this.

Health and safety
• It is the responsibility of the teacher conducting this 

lesson to carry out a full risk assessment.
• Sodium thiosulfate solution is low hazard.
• If a UV light is used, students should be told to not look 

directly at it.

Want to explore further?
• Can students suggest a way to obtain quantitative results? They will need to find a 

way to measure the amount of light reflected from the piece of photographic paper.
• Clip 3.4 shows the presenters in the studio discussing the implications of Dallas’

skin damage and Liz’s low vitamin D levels.

Development activities continued...

Practical activity
• Lead students towards a method such as the one on Worksheet 3A to measure the 

effectiveness of sun creams using photographic paper. Because students are using a shared 
bath of sodium thiosulfate to ‘fix’ their prints, you can allocate each group a number to 
write onto their plastic wallet using a permanent marker, which will create a shadow on 
their photographic paper. 

• Challenge students to work out which sun cream has the highest SPF.
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Method: 
1. Find out how many sun creams you will be 

testing. Use the tape to divide your plastic wallet 
into the right number of sections, remembering 
to leave one space as a control without any sun 
cream on.

2. Spread sun creams over the remaining areas 
on your plastic wallet, ensuring that you get an 
even covering to make it a fair test. Remember 
to record which sun cream is on which area of 
your wallet. Write your group number in the 
control area of your plastic wallet using a marker.

3. Under dim light, quickly collect your sheet of 
photographic paper from your teacher and 
place it into the plastic wallet.

4. Place the wallet in a bright place and leave for  
five minutes or longer if instructed to do so 
by your teacher.

5. Under dim light, remove your piece of 
photographic paper and quickly place it into 
the tray of sodium thiosulfate. One person will 
need to gently wash the solution across all the 
prints in the tray. This chemical removes the 
unreacted photosensitive chemical, preventing 
the paper from getting any darker.

6. Wash the piece of paper in the tray of tap   
water and leave it to dry on paper towels.

7. Analyse your results.

Equipment: 
• A4 plastic wallet
• Opaque tape
• Sheet of photographic paper
• Selection of sun creams, labelled A, B, C, etc.

• Paper towels
• Labels
• Tray of tap water
• Tray of sodium thiosulfate solution

Worksheet 3A: Testing sun creams
Follow this method to investigate a number of different

sun creams to find out which has the highest SPF.
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Lesson 4
The size and
scale of the

Solar System
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The size and scale of the Solar System

You will need:
• Clips: 4.1, 4.2 and 4.3
• Worksheets: 4A and 4B
• Access to the internet
Demonstration:
• Football
• Two grains of sand

• Small nut
• Pea
• Grain of rice
• Golf ball
• Table-tennis ball
• Two grapes 

(or alternate objects: see Worksheet 4B)

Suitable for: 11–14 years
Curriculum and learning links: Space, size and scale
Learning objectives:
• State that the planets in our Solar System are separated by very large distances.
• Describe a scale model of the Solar System.

Opening activity
• Ask students to guess how far the Solar System is across in kilometres.

Development activities
Review the students’ answers, and then provide them with the answer – 10 trillion
kilometres (a light year) across.

Size and scale of the planets 
Provide students with Worksheet 4A and ask them to fill in the blank sections of the
table as they watch Dallas create a scale model of the Solar System in Clip 4.1. 
If your school grounds are of a suitable size, take your students out and pace out the
scale model of the Solar System using the distances on their worksheets. Stop at the
location of each celestial body to show its scale using the items from the table on the
worksheet.
If the size of your school grounds does not permit this, use the smaller scale model on
Worksheet 4B. More able students could be given the size of your school grounds and
asked to work out their own scale.

• 

• 

• 

• 
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Reflect and review
• As Dallas does in Clip 4.1, use a mapping website to show students an aerial 

map of your school grounds and point out where the Sun and all of the 
planets were positioned in your model.

Health and safety
• It is the responsibility of the teacher to 

undertake an appropriate risk assessment 
before teaching this lesson.

• If making your own model of the Solar System 
using food stuffs such as peanuts, please 
ensure that all allergies of the students 
involved are taken into account.

Want to explore further?
• Ask students to research the evidence that 

scientists used to help change their 
understanding of the Solar System from the 
geocentric to the heliocentric model.

• The scale model of the Solar System could 
be extended to include the various moons  
surrounding the planets.

• Watch Clip 4.3 in which astronomer Dr 
Marek Kukula answers a number of 
common questions about the Solar System.

Development activities continued

The planets in the Solar System
• Watch Clip 4.2 in which astronomer Dr Marek Kukula introduces the planets in our 

Solar System. If time permits, students could then use the BBC website 
bbc.co.uk/science/space/solarsystem to research further. 

The size and scale of the Solar System
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Worksheet 4A: 
A scale model of the Solar System

We will now watch a clip from Bang Goes the Theory in which Dallas describes a
model of the celestial bodies in our Solar System and beyond (below the dark line in
the table below). Fill in the gaps in the table when you hear the distances, or objects

used to represent the stellar bodies in the model.

One metre is three million kilometres in this model.

Sun

Actual distance
from Sun 

(million km)

Distance from
Sun in the
model (m)

Object used to
represent celestial

bodies in the model

– –

Mercury 56 Grain of sand

Venus 37 Small nut

Earth 153 52

Mars 234 Grain of rice

Jupiter 777 259

Saturn 472

Uranus about 1000 Grape 

Neptune 4500 1500
(not specified)

Pluto 6000 Tiny grain of sand

Oort Cloud Not specified In the 
Western USA

–

Proxima Centauri 4.2 light years Hockey ball
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Sun

Actual distance
from Sun 

(million km)

Distance from
Sun in the
model (m)

Object used to
represent celestial
bodies in the model

– – Balloon inflated to
20cm diameter

Mercury 56 9 Pinhead

Venus 111 17 Peppercorn

Earth 153 24 Peppercorn

Mars 234 37 Pinhead

Jupiter 777 123 Chestnut

Saturn 1500 226 Hazelnut

Uranus 2800 454 Peanut

Neptune 4500 710 Peanut 

Worksheet 4B: A smaller scale
model of the Solar System

We will now watch a clip from Bang Goes the Theory in which Dallas describes
a model of the celestial bodies in our Solar System. The scale used by Dallas

in the clip you just watched is too large for us to use. We will pace out the
Solar System using the scale below. 

One metre is 6.3 million kilometres in this model.
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Lesson 5
Why the Earth’s
formation gives

us seasons
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You will need:
• Clips: 5.1, 5.2 and 5.3
• Worksheets: 5A, 5B and 5C 
Class practical: 
• Torches
• Large balls
• Darkened room
Demonstration: 
• Torch (or laser pen) 
• Card with small square cut from it
• Globe

Class practical 
(Want to explore further? section):
• Water
• Sand
• Dilute ammonia solution (1 mol dm-3)
• Fizzy cola
• Plastic freezer bag / freezer (or dry ice)

Suitable for: 11–14 years
Curriculum and learning links: Space, seasons
Learning objectives:
• Describe how the Earth was formed.
• Explain why the Earth has a tilted axis and what effects this has.

Opening activity
• Ask students why summer and winter are different. 

Highlight and address any misconceptions.

Development activities

Formation of the Earth
• Watch Clip 5.1 in which Dallas explains how the Earth 

was formed and why this formation is responsible for our        
seasons. Whilst watching the clip, ask students to make 
notes or answer questions on Worksheet 5A. Review 
these together.

Modelling the seasons
• Provide students with torches and large balls. In a 

darkened room, ask them to repeat Dallas’ 
demonstration which models the tilt of the Earth as it        
passes in orbit around the Sun. If they find this difficult, a 
demonstration may be required as an alternative. Shine 
a torch through a piece of card with a small square cut 
into it onto the top half and bottom half of the ball. The 
light should be spread out when a hemisphere is in a 
‘winter’ position and be less spread out in the ‘summer’ 
position. Alternatively use a laser pen to illustrate this.

• Ask students to complete Worksheet 5B.

Why the Earth’s formation gives us seasons
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Reflect and review
• Students could summarise in their own words how the Earth was formed 

and why we have seasons. 

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a 

full risk assessment.
• Dilute ammonia solution is an irritant. Eye protection must be used.
• Care and appropriate safety precautions must be taken if using dry ice.

Want to explore further?
Watch Clip 5.2 in which Dallas explains how the leftover debris
from the protoplanetary disk exists as comets in the Oort cloud.
Ask students to summarise what they have seen in their own words.
Provide students with water, sand, dilute ammonia solution and
cola. Ask them to estimate the amounts used by Dallas in the clip
and make their own comet. These will need to be frozen overnight
and viewed the next day if you do not have access to dry ice.
Watch Clip 5.3 (this clip is also used in lesson 4) in which
astronomer Dr Marek Kukula answers a number of common
questions on the Solar System.

Development activities continued...

Seasons on other planets
• Students could then use bbc.co.uk/science/space/solarsystem to research other planets 

in the Solar System to see if they have seasons. 
• Students could easily extend their research to other aspects of our Solar System using 

Worksheet 5C.

•

•

•

Why the Earth’s formation gives us seasons
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Worksheet 5A: 
How the Earth was formed

1. How long ago was the ‘dawn’ of the Solar System?

2. How were the planets formed?

3. What was early Earth like?

4. How was the Earth formed?

5. What knocked the Earth off a vertical axis?

6. How much does the Earth’s elliptical orbit affect the amount of solar energy we receive?

7. What would be the effect on our seasons if the Earth had no tilt?

8. What effect does the Moon have upon the Earth?

We will now watch a clip from Bang Goes the Theory in
which Dallas explains how the Earth was formed. Answer the

questions below whilst you are watching the clip.
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1. Explain what this picture shows.

2. Is the Northern Hemisphere (the top half of the diagram) in summer or winter? Explain why.

3. Use this diagram to explain why the poles of the Earth have much longer days in their 
summers and longer nights in their winters than at the equator.

Worksheet 5B:
Why we have seasons

Equator
Sunlight

Use this diagram of the Earth tilted at 23.4o to 
answer the questions below.

North

South
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Click on ‘The Sun and the planets’ and select ‘Sun’.

1. What does the Sun consist of? 

2. The Sun accounts for what percentage of the total mass of the Solar System?

3. Write down the six main elements that make up the Sun. 
Underline the one that makes up about three-quarters of the Sun’s mass.

Click the back button and select ‘Mercury’.

1. How long does it take for Mercury to orbit the Sun?

2. What is special about Mercury’s tilt? 

3. What is the core of Mercury made from and what effect does this have?

Click the back button and select ‘Venus’.

1. Venus is named after the Roman goddess of… 

2. What are the clouds of Venus made from? 

3. How many times greater is the atmospheric pressure on Venus than 
on Earth?

Go to bbc.co.uk/science/space/solarsystem and answer the questions below. 
Don’t forget to watch any of the relevant clips you see.

Worksheet 5C: 
Studying the Solar System
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Worksheet 5C: Studying the Solar System

Click the back button and select ‘Earth’.

1. When was the Earth formed?

2. After how long did life appear on Earth?

3. What is the tilt of the Earth’s axis?

Click the back button and select ‘Mars’.

1. What gives Mars its red appearance? 

2. What gives Mars its seasons? 

3. What is special about Olympus Mons?

Click the back button and select ‘Jupiter’.

1. Jupiter is the ….................................... planet in the Solar System. (Fill in the gap)

2. Jupiter is mainly made up of which two gases? 

3. Why does Jupiter have a bulge around its equator? 
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Click the back button and select ‘Saturn’. 

1. If Saturn has an average density of one eighth of the Earth, why is its mass over 
95 times greater? 

2. What speeds can winds reach on Saturn?

3. How many rings does Saturn have and what are they made from?

Click the back button and select ‘Uranus’. 

1. What is special about the temperature of the atmosphere on Uranus? 

2. What are the two cloud layers made from? 

3. What is unusual about Uranus’ tilt? 

Click the back button and select ‘Neptune’. 

1. What was special about Neptune’s discovery?

2. What gives Neptune its blue colour?

3. What are the temperatures at Neptune’s centre?

Worksheet 5C: Studying the Solar System
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Lesson 6
Aerodynamics 

and flying
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You will need:
• Clips: 6.1 , 6.2, 6.3 and 6.4
• Worksheets: 6A, 6B and 6C 

Class practical: 
• Sheets of card
• Table-tennis balls
• Plastic bottles with the 

bottom cut off (see technician’s notes)

Suitable for: 11–14 years
Curriculum and learning links: Forces, motion, Bernoulli’s principle
Learning objectives:
• State that aerodynamics involves reducing drag and air resistance and allows a vehicle to 

move faster.
• Describe Bernoulli’s principle that a faster flowing fluid will have a reduced pressure.
• Explain how Bernoulli’s principle can be used to partly explain how an aeroplane wing 

generates lift.

Opening activity
• Hand out Worksheet 6A and ask students to label the forces acting on each object. 
• Review their suggestions and explain the difference between upthrust (boat and hot 

air balloon) and lift (aeroplane).

Development activities

Experiencing Bernoulli’s principle
• State Bernoulli’s principle and show how it can be used to help 

explain how an aeroplane wing works. Students can experience 
the principle for themselves. Hand out table-tennis balls and 
sheets of card. Tell students to roll the card into a tube whose 
diameter is only slightly larger than the table tennis ball. 

• Ask students to tip their heads back, place one end of the tube 
over their mouth, drop the ball in and then see how high they 
can blow the ball.

• Ask them if they think they will be able to blow the ball 
higher or less high from an upturned bottle neck cone. Students 
will discover that it is impossible to blow the ball out of the bottle. 

• Discuss why this is the case. You can even demonstrate that 
blowing through the cone will create enough suction on the ball 
to keep it in place against the force of gravity if the cone is tipped 
downwards. How does this work? 

Aerodynamics and flying
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Development activities continued...
• Watch Clip 6.1 in which Dr Yan demonstrates this and explains Bernoulli’s principle.
• You may also like to hand out one sheet of paper to each student and get them to hold    

the short edge against their bottom lip with the paper bending downwards and then 
blow strongly across the top of the paper. The paper will rise due to the reduced 
pressure above it.

The challenges of aerodynamics
• The flow of air over surfaces is critical to engineering very fast vehicles. Ask students to    

name the fastest moving vehicles they know. Amongst the fastest vehicles are 
supersonic aeroplanes that can travel at twice the speed of sound or more. So why are 
scientists finding it hard to build a rocket-powered car that travels at 1000 miles per 
hour? What engineering problems do they have to overcome and what can they learn 
from supersonic aeroplanes? 

• Hand out Worksheet 6B so students can answer the questions as they watch Clip 6.2
in which Dallas goes supersonic.

Reflect and review

• Hand out Worksheet 6C and ask students to draw and label force 
arrows to show the forces acting on Bloodhound at different points 
on its journey.

Aerodynamics and flying
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Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a full 

risk assessment.
• The bottle neck cones should be washed before and after each lesson. The 

cardboard tubes may need to be thrown away after use for hygiene reasons.

Want to explore further?
• It is interesting to explain to students that even though 

humans have been flying winged gliders since the    
mid-1800s and powered winged aeroplanes since the 
very early 1900s, scientists and engineers still debate 
the technical details of how a wing generates lift.
Several theories exist, including one famous one 
called the ‘equal transit time theory’ that is now widely 
discredited.

• Students could watch Clip 6.3 and then search online 
for up-to-date news. Start at 
www.bloodhoundssc.com/education.cfm

• Students could also watch Clip 6.4 in which Andy Green 
(the current world land-speed record holder and    
Bloodhound driver) interviews  Ron Ayers, who is one of 
the team’s most experienced aerodynamic engineers, 
about the challenges that they have faced.

Technician’s notes:
• The plastic bottles would ideally be 500cm3 capacity. 
• The conical section can be cut off in advance. The bottom section can    

be discarded.

Aerodynamics and flying
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On each diagram, use arrows to show the direction and size of the
forces acting on the object. Label each force.

Worksheet 6A: 
Forces acting on different objects

Stationary floating boat

Sky-diver
travelling at

constant speed

Hot air balloon
accelerating
upwards

Aeroplane travelling at constant speed
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1. What term is used in flying to describe the speed of sound?

2. What term is used to describe the build-up of air pressure in front of an aeroplane 
travelling at speeds close to the speed of sound?

3. What speed does Dallas achieve during the dive?

4. When Dallas is travelling faster than the speed of sound, what does the ride feel like?
Smooth, bumpy, noisy, quiet, etc.

5. What would you experience if you were standing on the ground when a supersonic 
aeroplane travelled overhead?

Worksheet 6B: 
Breaking the sound barrier
We will now watch a clip from Bang Goes the Theory in which Dallas goes
supersonic in a jet aeroplane and meets members of the Bloodhound team.

Answer the questions below whilst you are watching the clip.
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Worksheet 6B: 
Breaking the sound barrier

6. How many Formula One racing cars would it take to give the same power as 
the Bloodhound?

7. The target speed for Bloodhound is 1000 miles per hour. What percentage increase 
is this over the existing land-speed record?

8. Why is it easier to break the sound barrier high up in the atmosphere?

9. When the aerodynamics engineer describes the subsonic problem of reaching the    
sound barrier, what sort of friction does he mention acting on the surface of the car?

10. At supersonic speeds, what is the main aerodynamic problem?

11. Why did the team have to rely on computer modelling, rather than testing 
prototypes, to check Bloodhound’s aerodynamics?
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In which diagrams are all the forces acting on Bloodhound balanced?

1. Stationary on the start line.

2. Accelerating towards 1000 miles per hour.

3. Travelling at constant speed at 1000 miles per hour.

4. Decelerating using air brakes and parachutes.

5. Stationary at the end of the challenge.

Worksheet 6C:
Forces acting on Bloodhound

Draw and label force arrows on the diagrams below to show each of the
forces acting on Bloodhound at different stages of its journey. 

Remember to make sure that the length of each of your force arrows
indicates the size of the force it represents.
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Lesson 7
Evolution 

and the eye
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You will need:
• Clips: 7.1 and 7.2 
• Worksheets: 7A, 7B, 7C and 7D
Class practical (or demonstration):
• UV light sources
• Paint brushes
• Paint that glows under UV light
• Cardboard boxes with lids

• Pins
• Small pieces of aluminium foil
• Sticky tape
• Small bags of water
• Large sheets of tracing paper
• Black paint
• Scissors
• Teabags
• Small plastic bags

Suitable for: 14–18 years
Curriculum and learning links: Evolution, genetics, the eye
Learning objectives:
• Describe Darwin’s theory of evolution by natural selection. 
• Explain how the evolution of the eye supports Darwin’s theory.

Opening activity
• Ask students which species of organism currently alive is the most evolved. Explain 

that this is a controversial issue and some scientists think that all species alive today 
are equally well evolved/adapted (or else they would have become extinct).

• Review the steps in the process of natural selection using the Worksheet 7A card 
sort activity.

Development activities

What did Darwin think?
• Ask students which famous scientist wrote the following quotation:

“To suppose that the eye with all its inimitable contrivances for    
adjusting the focus to different distances, for admitting different 
amounts of light, and for the correction of spherical and 
chromatic aberration, could have been formed by natural 
selection, seems, I freely confess, absurd in the highest degree.”

• Explain that Darwin himself wrote it in The Origin of Species. 
• Ask students why he wrote this statement, which critically evaluates 

his theory. (This quote is actually taken out of context.)

Modelling the evolution of the eye
• Watch Clip 7.1 in which Liz and Professor Richard Dawkins explain 

how the variations in the eyes of organisms currently alive could 
show how the eye evolved. Whilst watching the clip, ask students to 
make their own notes or answer questions on Worksheet 7B. 
Review their notes or answers.

Evolution and the eye
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Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a 

full risk assessment.

Want to explore further?
• Students could research the different types of eye found in living 

organisms, to include ‘cup eyes’, compound eyes, appostion eyes and 
those with multiple lenses and refractive corneas (amongst others). 

• Students could watch Clip 7.2 in which Liz explains how compound 
eyes work.

• Students could debate alternative theories of how the eye came into 
existence including creationism and intelligent design. Have the students 
changed or confirmed their views whilst carrying out this activity? 

• The pinhole camera activity could be extended to use photographic 
paper (by following instructions found on many websites).

Technician’s notes:
• Cardboard boxes used for delivering reams of A4 paper are a good size to make 

pinhole cameras.

Reflect and review

• Students should use Worksheet 7D to match the different types of eye to the appropriate 
images.

• Ask students to write a letter to Darwin responding to the quote you previously read them, 
explaining how the variations in the eyes of organisms currently alive could show how the        
eye evolved. Under supervision, students can stain their paper with wet teabags and burn its 
edges to make it look old. Instruct students to roll their paper into a cylinder before burning 
to limit the damage to the paper’s edge.

• As seen in Clip 7.1, students can then model a ‘cup eye’ (as in 
turbellarian worms) using a sheet of paper covered with paint that glows 
under UV light and a UV light source. This can also be completed without 
UV paint, by shining a torch onto a curved piece of paper and observing 
how the angle of the torch affects the position of the shadow on the 
inside of the curve. 

• Students could then make a ‘pinhole camera eye’ (as in a Nautilus) 
following the instructions on Worksheet 7C. 

• Finally, students could place a small bag filled with water in front of their 
pinhole camera to act as a lens (as in a sea snail). These activities could 
alternatively be completed as demonstrations.

Evolution and the eye
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Worksheet 7A: Card sort activity 
The steps in natural selection

Better-adapted
organisms are more

likely to reproduce and
pass on their

characteristics to their
offspring.

Those organisms with
advantageous

characteristics are
more likely to survive

(survival of the fittest).

Most populations of
living organisms have
individuals within them

that vary slightly.

Population sizes of most
organisms are stable
and so there must be
competition between

individuals within these
populations.

Over time, more individuals
in a population will possess

the advantageous
characteristics 

(and poorly adapted
characteristics may be lost).

Most organisms
produce more young
than will survive to

adulthood.

Cut out the six sentences and arrange them in the
correct order to show the steps in natural selection.
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1. Why is the eye given as an example of something that challenges Darwin’s theory of evolution?

2. What type of cell is found on the retina?

3. What simple organism has an eyespot?

4. What advantage does a curved ‘cup eye’ have?

5. What organism has a ‘pinhole camera eye’?

6. What does Professor Richard Dawkins use a small bag filled with water to represent?

7. The octopus eye is similar to ours. What is significant about this?

8. In generations and also years, how long do scientists think it has taken for the eye to evolve?

Worksheet 7B:
Evolution and the eye

We will now watch a clip from Bang Goes the Theory in which Liz and Professor Richard
Dawkins explain how the variations in the eyes of organisms currently alive could show

how the eye evolved. Answer the questions below whilst you are watching the clip.
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Worksheet 7C:
Modelling different types of eyes

• Eye spots (as seen in Euglena) can be modelled by holding 
a UV light source over a flat sheet of paper covered with 
paint that glows under UV light. As you move the light    
source around the paper, notice how the ‘eye’ is unable to 
determine which direction the light is coming from.

• ‘Cup eyes’ (as in turbellarian worms) can be modelled by 
holding the UV light source over the same sheet of paper 
which is held in a curved position. As you move the light to 
either side of the paper, notice how only the opposite side 
of the paper glows. What is the significance of this?

Construct a pinhole camera eye following the instructions
below to model the eyes of a nautilus.

What to do:
1. Collect the equipment you will need: cardboard box, pin, 

small piece of aluminium foil, sticky tape, large sheet of 
tracing paper, paint brush, black paint, scissors.

2. Paint the inside of the box and its lid black.
3. Make sure it is completely sealed when the lid is on (so no 

light can get through).
4. Cut a small hole (10mm by 10mm) in the middle of the 

front of the box and tape the aluminium foil over this.
5. Use the pin to make a very small hole in the aluminium foil 

(start by making this as small as you can; you can always 
enlarge it later).

6. Cut out a large hole in the back of the box (on the side 
opposite to the pin hole) and tape the tracing paper over this 
to make a screen.

7. Point your pinhole camera towards the window (or a bright 
scene with lots of contrast).

8. Look at the image on the tracing-paper screen. If you need 
to reduce the amount of light around you to make the image 
clearer, cover your head and the box with a coat.

9. Now remove the aluminium foil and hold a small bag of 
water in front of the pinhole camera and look at your scene. 
What does the bag of water represent? Does the bag of 
water make the image clearer? How can you make the 
image even clearer? What might you use instead of a bag 
of water?

Modelling simple eyes
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Compound eye
seen in insects

‘Cup eye’ seen in
turbellarian

worms

Eye spot as 
seen in Euglena

Eye with
refractive cornea
seen in mammals

Simple eye 
with a lens seen 

in sea snails

‘Pinhole camera 
eye’ as seen in a

Nautilus

Worksheet 7D: Card sort activity
Different types of eyes

Cut out the six images and six labels below. 
Match each image with the correct label.
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Lesson 8
Can you really 
go all the way

around on a
swing?
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You will need:
• Clips: 8.1 – 8.6
• Worksheet: 8A

Demonstration: 
• Bucket with strong handle
• Water

Suitable for: 16–18 years
Curriculum and learning links: Circular motion, mechanics
Learning objectives:
• Recall and use equations for circular motion and energy.
• Calculate the speed and kinetic energy needed to go all the way around on a swing.
• Explain why real-life factors such as friction might limit these theoretical calculations.

Opening activity
• Ask students if they have ever wondered if anyone has gone right the way around 

on a playground swing? How hard would you have to be pushed to achieve this?

Development activities

Experiencing centripetal force
• With students working in pairs, ask them to face each other and hold 

hands at arm’s length. Now tell them to spin around and experience the 
forces acting on them. 

• Recap centripetal force and show them the equation for it, expressed in 
terms of linear velocity.

F= –––

• Ask for a volunteer to swing a bucket containing a small amount of water 
around in a horizontal circle at shoulder height. Now see if there is anyone              
brave enough to swing the water over their head. You may wish to do this 
outside! But what happens when we slow the bucket down? It might be 
worth doing this with a waterproof jacket on. 

• Show Clip 8.1 in which Dr Yan explores this same phenomenon with 
members of the public and explains the physics behind it, including the 
fictitious centrifugal force and Newton’s first law.

Can you really go all the way around on a swing?

mv2

r
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Development activities continued...

How can we approach this problem?
• Ask students to brainstorm in groups different approaches to the swing problem. What are the 

merits and pitfalls with an approach focused on forces and with an approach focused on 
energy? What forces are acting on the person at various stages of their path around the 
swing? It might be easier to consider four points at 90 degrees, as on Worksheet 8A. What 
energy changes do we need to take account of during the motion of the person around the 
swing? 

• Show Clip 8.2 in which Jem tries some scaled-down models in the workshop.
• Lead students towards a calculation taking energy and forces into account. The two forces 

acting on the person are gravity and the tension in the swing chains, which provides the 
centripetal force. At the top of the swing, the tension can approach zero, so the centripetal 
force is provided by the weight of the person alone. In terms of energy, gravitational potential 
energy at the bottom of the swing is taken to be zero but kinetic energy is at a maximum. 
Some of this kinetic energy will be transferred to the person as they rise towards the top of the 
swing, but not all of it, since they require sufficient kinetic energy at the top of the swing to 
maintain tension in the chains.

Calculations
• Students can work through the following calculations using Worksheet 8A.
• Start by working out the minimum speed needed at the top of the swing so that gravity 

provides all of the centripetal force. Since...

Fcentripetal = ––– and    Fgravity =  mg

––– =  mg

therefore v = √gr

• Substituting this minimum speed at the top into the expression for KEtop gives us the 
minimum speed needed at the top...

KEtop = ––

KEtop = –– mgr or  KEtop = –––

• Now, the KE required at the bottom of the swing must include the KE at the top, plus the 
additional KE that will be transferred to PE at the top of the swing...

PEtop = mgh

PEtop = mg2r

Thus, KEbottom = KEtop + PEtop

1

2
mv2

1

2

mv2

r
mv2

r

mgr

2

__

Can you really go all the way around on a swing?
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Reflect and review
• What assumptions do these calculations rely on? How realistic are they? Can Jem 

get it to work? Watch Clip 8.3. How can we safely decelerate the person on the 
swing to prevent them stalling and falling onto the bar? Share ideas and evaluate 
theoretical designs. Watch Clip 8.4 in which Jem puts his own body on the line to 
test his understanding of science and engineering.

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry 

out a full risk assessment.
• Students should be warned not to try to repeat any of Jem’s 

experiments outside of school.

Want to explore further?
• Watch Clip 8.5, in which Jem reviews the video footage of his experience and 

describes what it felt like.
• Challenge students to work out how this speed could be achieved. They could perhaps 

work out the force required to accelerate their own body mass to this speed in a given 
time, or calculate the impulse, or the force required over a certain distance (via work 
done = KEbottom).

• Students could work to build a scaled-down model in the lab and power it with a water 
rocket. In Clip 8.6, Dr Yan explains how to build and launch a water rocket. 

Students can choose a realistic value
for the length of the swing chains
and calculate a speed. For example,
a swing with chains that are 3 metres
long would require a speed of just
over 12 metres per second.

mv21
2

mgr

2

___

Development activities continued...

KEbottom = –––– +  2mgr

• To work out the velocity needed at the bottom, substitute in the expression for KE...

–– = ––––– +  2mgr

So...  mv2 = mgr + 4mgr

So...  v2 = 5gr

Therefore  v = √5gr

mgr
2

Can you really go all the way around on a swing?
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Worksheet 8A:
Is it possible to go all the 
way around on a swing?

Write down equations for weight, centripetal force, kinetic energy and gravitational potential
energy.

On the sketch below, consider which forces are acting on Jem at each point and try to identify
the correct equation to calculate each force. Now consider the energy changes that take place
during the swing (assume that PEbottom is zero).

The minimum speed at the top of the swing is required so that Jem’s weight alone provides the
centripetal force. Any less than this and his weight would be greater than that required for
circular motion and he would start to fall. Write an equation showing that his weight equals his
centripetal force. Solve to give an expression for v. Check with your teacher.
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Worksheet 8A:
Is it possible to go all the 
way around on a swing?

Now work out an expression for his minimum KE at the top.

Jem’s KE at the bottom must include both the amount of KE that he had at the top, plus some
additional KE which will be transformed to PE at the top of the swing. Write an expression for the
amount of PE that he will have at the top of the swing, assuming that he has no PE at the
bottom. Remember to express the height in terms of the radius of the swing.

Now combine your expressions for KEtop and PEtop to give KEbottom.

Solve to give an expression for v.

Evaluation
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Lesson 9
Earthquakes 
and tsunamis
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You will need:
• Clips: 9.1, 9.2 and 9.3
• Worksheet: 9A
• Access to the internet

Class practical
• Uncooked dried spaghetti
• Paper straws
• Adhesive tape
• White tac or marshmallows
• 100g masses

Suitable for: 11–16 years
Curriculum and learning links: Plate tectonics, geological processes
Learning objectives:
• State that tsunamis are very large waves caused by earthquakes that take place 

below the ocean floor.
• Describe how earthquakes cause tsunamis.
• Explain how adaptations to buildings, such as bridges, prevent them from 

collapsing during an earthquake.

Opening activity
• Ask students to brainstorm in groups the causes and effects of an earthquake.

Development activities

Historical context 
Ask students if they can remember the earthquakes and resulting tsunamis that occurred
near the coastlines of New Zealand on 22 February 2011, and Japan on 11 March
2011. Ask students to search news websites to find out what happened.

Early warning systems
How can we warn people about a tsunami before it arrives at the coastline? Watch Clip
9.1 to see Liz visit a tsunami early-warning centre in Hawaii. Students can answer the
questions on the first section of Worksheet 9A while they watch the clip. Then watch Clip
9.2 in which Jem explains the Richter scale, how an earthquake happens and how it
causes a tsunami.

Minimising the damage
How can we prevent earthquakes from damaging buildings? Ask students to suggest
some principles of building design. Then watch Clip 9.3 to see Dallas investigating how
the new Bay Bridge in San Francisco is being built to withstand a massive earthquake in
the future. Students can answer the questions on the second section of Worksheet 9A
while they watch the clip.

Earthquakes and tsunamis

• 

• 

• 
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Reflect and review
• Share ideas from students’ evaluations of their building 

designs. Are there any common themes? 
• What properties do construction materials need to have 

if they are to be used in earthquake zones?

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry 

out a full risk assessment.
• Students should be reminded not to eat anything in the laboratory.

Want to explore further?
• The webpage at bbc.co.uk/programmes/b00zp3dc contains links to BBC 

webpages that have animations explaining how earthquakes and tsunamis are caused.
• Students could research recent earthquakes and analyse the data to see if there are 

factors that influence the number of casualties (for example, the magnitude of the 
earthquake, its proximity to large cities, the construction quality of buildings, time of 
day). They could also investigate whether modern construction and early-warning 
systems have been effective in reducing the number of casualties.

Development activities continued...

Practical challenge
Challenge students to build two ‘earthquake-proof’ buildings
on the same table: one made from straws and one made from
spaghetti. The lengths of spaghetti could be joined using white
tac, marshmallows or adhesive tape. Can students incorporate
any design structures that they have seen in Dallas’ video clip?
Then by wobbling the table from side to side they can evaluate
which structure is better suited to withstanding an earthquake.

• 

Earthquakes and tsunamis
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Worksheet 9A: Investigating
earthquakes and tsunamis

Liz visits the Pacific Tsunami Warning Centre in Hawaii

1. What gas does Liz identify in the air near to the lava flows?

2. How hot is the lava when it reaches the sea?

3. How can volcanic rock create small tsunamis? 

4. How long is the distance between wave peaks for a tsunami? 

5. How high is a tsunami in the deep ocean? 

6. How fast does a tsunami travel? 

7. What happens to the wave as it reaches the shallow water near to the shore? 

8. What is the name of the instrument used to measure earthquakes around the world? 

We will now watch two clips from Bang Goes the Theory. 
Answer the questions below while you are watching the clips.
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9. How is new data from recent earthquakes used by the centre? 

10. How many minutes after the Japanese earthquake was the tsunami warning issued? 

11. How many minutes after the earthquake did the tsunami hit the coastline?

Dallas visits California

1. What is the name of the fault that Dallas visits in California?

2. How big would an earthquake have to be in order for you to feel it? 

3. How deep do the bridge footings go into the mud below the water? 

4. Why is the bridge built in sections with spaces between them? 

5. According to the US Geological Survey, what is the percentage chance of a big 
earthquake hitting San Francisco in the next 20 years?

Worksheet 9A: Investigating
earthquakes and tsunamis
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Lesson 10
Making glue
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You will need:
• Clips: 10.1, 10.2 and 10.3
• Worksheet:10A
Class practical:
• Flour or cornflour
• Milk
• Vinegar
• Glycerol (propan-1,2,3-triol)
• Sodium hydrogencarbonate
• Boiled sweets or toffees
• Gelatin
• Paper towels

• Table-tennis balls  
• Propanone (or nail varnish remover)
• Spatulas
• Sieve or filter paper and funnels
• One set of wooden blocks (see 

technician’s notes) per group, one 
G-clamp per group

Apparatus to test the adhesives:
• Clamps and stand
• 100g masses and mass hangers

Suitable for: 14–16 years
Curriculum and learning links:
Properties of materials, polymers, intermolecular forces
Learning objectives:
• State that a polymer is a long chain molecule made up of smaller repeating units.
• Describe how adhesives can be tested.
• Explain how forces between molecules can allow adhesives to work.

Opening activity
• Ask students what they think is the stickiest natural substance.

Development activities
Introduction
• Explain to students that they will be making their own glues then leaving them to set 

ready for testing later. Show Clip 10.1 in which Jem introduces his homemade glues, 
explains how they work and describes how he plans to test them.

Planning
• Ask students to suggest how they could scale down a method of testing the stickiness of 

glues to use in the laboratory. Suggest to students that screwing eyelets into small blocks 
of wood will allow them to hang weights off the wood, increasing the number of weights 
until the glue fails.

Practical activity 
• Students could then work in groups to follow one of the methods on Worksheet 10A. 

Groups could be allocated a glue or could be allowed to choose.
• The glues will need to be left to set until a later lesson.

Making glue
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Reflect and review
• In the following lesson, ask students which they think will make 

the best glue and why. Discuss issues with the proposed 
method of testing: fair test, reliability, validity, etc. 

• Watch Clip 10.2 to see how the Bang team test Jem’s glues.
• Test which glue is the strongest by increasing the number of 

100g masses hanging from the lower piece of wood until the 
glue fails.

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a full 

risk assessment.
• Students should be reminded that eating and drinking in the laboratory is   

forbidden due to the risk of contamination.
• Propanone is highly flammable and an irritant. It should be kept away from 

sources of ignition. Teachers may prefer to set up this glue at a different time 
or in a different room from the other glues, many of which require heating.

Want to explore further?
• Find out how superglue (cyanoacrylate) was discovered by accident and what 

it was used for in the Vietnam War.
• Watch Clip 10.3 in which Dr Yan explains how snails stick to surfaces.

Technician’s notes:
• The glues can be tested by painting them onto a piece of wood that is approximately 

2cm x 2cm and has an eyelet screwed into it. These smaller pieces of wood should be  
glued to larger pieces of wood (approximately 10cm x 5cm) that can be supported using 
clamp stands.

Making glue
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Worksheet 10A: Making glue

Milk glue
1. Pour 60cm3 of milk into a beaker.
2. Add 20cm3 of vinegar and stir.
3. Sieve or filter the solid and throw away the liquid.
4. Squeeze the remaining liquid out of the solid between two paper towels.
5. Place the solid into a beaker and add a spatula of sodium hydrogencarbonate.
6. Add water if required and then apply to wood.

Flour paste
1. Place four spatulas of flour or cornflour into a beaker.
2. Add water slowly and stir until you get a smooth liquid that is the same

thickness as batter.
3. Heat gently over a Bunsen burner until it starts to boil.
4. Allow to cool.
5. Apply to wood.

Your teacher will tell you which set of instructions to
follow to make one of the following glues
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Gelatin glue
1. Make up a packet of gelatine according to the instructions on the box.
2. Add approximately 10cm3 of vinegar and 2cm3 of glycerol.
3. Allow to cool.
4. Apply to wood.

Sweet glue
1. Place two or three boiled sweets or toffees into a beaker.
2. Heat over a Bunsen burner whilst stirring carefully with a spatula.
3. Apply to wood.

Celluloid glue
1. Cut up the table-tennis balls carefully using scissors and place in 

a beaker.
2. Add propanone or nail varnish remover a little at a time and stir until

the solid has dissolved.
3. Apply to wood.

Worksheet 10A: Making glue
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Lesson 11
Antibiotics

and 
evolution
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Antibiotics and evolution

You will need:
• Clips: 11.1, 11.2 and 11.3
• Worksheets: 11A and 11B
Class practical:
• Petri dishes containing nutrient agar
• Suitable bacterial starter cultures 
(Escherichia coli, Bacillius subtilis or 
Micrococcus luteus)

• Inoculating loops
• Antibiotic or antiseptic solutions
• Distilled water
• Small filter paper disks
• Forceps
• Bunsen burners
• Permanent markers
• Sticky tape
• Ruler

Suitable for: 14–16 years
Curriculum and learning links: Evolution, antibiotics and antiseptics
Learning objectives:
• State the difference between antibiotics and antiseptics.
• Describe how the effectiveness of antibiotics and antiseptics can be tested.
• Explain how antibiotic-resistant MRSA bacteria are used as evidence to support 

Darwin’s theory of evolution.

Opening activity
• Watch Clip 11.1 in which Liz introduces what antibiotics are and how they work. 
• Ask students in advance to identify the two ways in which antibiotics work and then   

review as a class (they interfere with bacterial reproduction or damage their membranes).

Development activities

Investigating antibiotics
Explain the difference between antibiotics and antiseptics (antibiotics
originate from living organisms).
Use Worksheet 11A to set up the experiment to test which is the most
effective antibiotic or antiseptic. The results from the experiment will only
be visible after the Petri dishes have been incubated for approximately
24 hours. After this time, review the results and determine which is the
most effective antibiotic or antiseptic that you have tested.
Higher-ability students could simply be given the equipment list and
allowed to devise an experimental method themselves.

68

© BBC

• 

• 

• 

bgtt_teacherspack_2011_BGTT Teacher'spack 2011  01/12/2011  14:11  Page 68



69

© BBC

Antibiotics and evolution

Want to explore further?
Students could research Fleming’s discovery
of penicillin in 1928. They could also
research the symptoms of bacterial
infections on the human body (finding as
many suitable photographs as possible).
Watch Clip 11.3 in which Professors Sir
David Hopwood and Tony Maxwell discuss
the future of antibiotics.

Reflect and review
• Ask students to design a handout for a doctor’s surgery that summarises the differences 

between antibiotics and antiseptics and explains what the problems of overuse or 
misuse of antibiotics are.

Technician’s notes:
• Agar-covered Petri dishes will need several hours to set and so should be 

prepared in advance.
• Follow the details provided by the supplier to set up starter cultures of bacteria.

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out a 

full risk assessment.
• Care must be taken when handling micro-organisms to include: not 

reopening inoculated Petri dishes, appropriate culturing temperatures (not 
near 37oC), appropriate disposal of Petri dishes and starter cultures and 
basic hygiene at the end of the experiment (hand washing, etc.).

Development activities continued...

Evolution of bacteria
Watch Clip 11.2 in which Liz explains that bacteria are evolving to become resistant to our
current antibiotics and two of the ways in which we are addressing this. Whilst watching the 
clip, ask students to make their own notes or answer questions on Worksheet 11B.
Explain how the antibiotic-resistant MRSA bacteria are used as evidence to support Darwin’s
theory of evolution by natural selection. Students could then research the symptoms of infection
with MRSA and explain why higher numbers of infections are commonly found in hospitals.

• 

• 

• 

• 
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Worksheet 11A: Testing the effectiveness of 
antibiotics or antiseptics 

Method: 
1. Divide your agar-covered Petri dish into four sections by writing on the bottom of it (not the lid).

2. Sterilise your inoculating loop and forceps by heating them in a blue Bunsen burner flame. 
Ask your teacher if you are not sure how long to do this for.

3. Use the inoculating loop to spread a culture of bacteria evenly across your agar-covered 
Petri dish. Do this gently to avoid breaking the surface of the agar.

4. Soak three small circles of filter paper in different antibiotic or antiseptic solutions and 
place in three of the four sections of your agar-covered Petri dish.

5. Soak a small circle of filter paper in distilled water to act as a control and place in the 
fourth section of your agar-covered Petri dish.

6. Seal the edges of your agar-covered Petri dish using sticky tape and incubate for 24 hours. 
Don’t forget to wash your hands after you have completed this part of the experiment.

7. Use a ruler to measure the diameter of ‘clearing’ (where the bacteria have not grown) around 
each of the disks (don’t open your agar-covered Petri dish after it has been incubated).

Conclusion:
Use the size of the clearing to determine how
effective the antibiotics or antiseptics are (the
bigger the diameter the more effective the
antibiotics or antiseptics).

The most effective antibiotic or antiseptic was 

…………………………………….........

Questions:
1. Why did you heat the inoculating loop and forceps before beginning 

the experiment?
2. Why did a disk of filter paper soaked in distilled water act as a control?
3. Why must you wash your hands after the experiment?

Aim: To investigate how effective antibiotics or antiseptics are at killing bacteria.

Equipment: 
• Petri dishes containing nutrient agar
• Bacterial culture
• Inoculating loop
• Three antibiotic or antiseptic solutions
• Distilled water
• Small filter paper disks

• Forceps
• Bunsen burner
• Permanent marker
• Sticky tape
• Ruler

Petri dish section

1

2

3
4

Name of antibiotic 
or antiseptic

Distilled water

Diameter of clearing
around disk (mm)

Results:
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Worksheet 11B: Antibiotics and evolution

1. Why do antibiotics only work for a limited time?

2. How many times can a bacterium divide in one day?

3. When might we run out of antibiotics?

4. Why should you finish your course of antibiotics?

5. What type of organism is used to attack the MRSA bacteria?

6. What difference does adding this organism to the MRSA culture make?

7. What is the second wave of activity seen in the Petri dish?

8. What effect does the molecule that the scientist has designed have on the bacteria?

We will now watch a clip from Bang Goes the Theory in which Liz explains the
problems we have with our current antibiotics and two of the ways in which we are

addressing these. Answer the questions below whilst you are watching the clip.
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Lesson 12
Sound and
resonant

frequencies
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You will need:
• Clips: 12.1, 12.2, 12.3 and 12.4
• Worksheet: 12A
Demonstration
• Simple pendulum
• Mass on a spring
• Variety of tuning forks
• Vibrating objects that make a sound

(e.g. a musical instrument)

• Microphone connected to an oscilloscope
• Polystyrene beads
• Signal generator
• Amplifier
• Loudspeaker
Optional demonstration:
• Thin-walled wine glass
• Safety screen

Suitable for: 11–16 years
Curriculum and learning links: Sound and hearing, resonance
Learning objectives:
• State that sound travels in longitudinal waves created by a vibrating object.
• Use wave diagrams to describe the difference between waves with varying amplitude 

and frequency.
• Explain why an object will resonate when driven at its natural frequency.

Opening activity
• Where does sound come from? 
• Ask students to write down all the words they can think of relating to sound.

Development activities

Where does sound come from?
• Review ideas from the opening activity. Summarise that 

sound is created by vibrating objects that create    
longitudinal pressure waves that travel through the air and 
vibrate our ear drum, middle ear bones and inner ear 
sensory apparatus. If possible, demonstrate this to students 
by placing a vibrating tuning fork into water, or by placing 
polystyrene beads or small pieces of paper onto a    
loudspeaker pointing vertically upwards and generating a 
low frequency sound.

Frequency and amplitude
• Use a variety of tuning forks (or a musical instrument) and a 

microphone connected to an oscilloscope to demonstrate the 
difference between sounds of different frequencies and 
amplitudes. Ask students to fill in Worksheet 12A.

Sound and resonant frequencies
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Reflect and review

Show Clip 12.4 in which Dr Yan explains why different objects have different natural
frequencies and succeeds in breaking a flat pane of glass with a double bass.

Health and safety
• It is the responsibility of the teacher conducting this lesson to carry out 

a full risk assessment.
• Eye protection and a safety screen should be used if you attempt to 

shatter glass.

Want to explore further?
Ask students what would happen if a building or bridge
started to resonate due to an earthquake or other natural
sources of vibration. Search online for a video clip of the
Tacoma Narrows Bridge collapse, which many people cite
as an example of collapse due to resonance. In fact, the
cause is more likely to have been aeroelastic fluttering and
students might like to investigate the two hypotheses.

Development activities continued...
Jem’s musical cattle grid
Show Clip 12.1 in which Jem describes the link between vinyl records, frequency and 
cattle grids on roads, and outlines a project in which he hopes to use a car to generate a tune
by driving over a homemade ladder. Show Clip 12.2 in which Jem and Dallas test the track
with a three-wheeled car.

Resonance
Demonstrate to students what is meant by the term ‘natural frequency’ by using a simple
pendulum, mass on a spring, or a thin-walled wine glass partially filled with water and
rubbing a wet finger around the rim. The natural frequency of these systems can be changed
by making specific adjustments. Respectively they are: changing the length of the string,
changing the mass or adding more water to the glass. 
Explain that if you try to force a system to oscillate at a frequency other than its natural
frequency, it may vibrate at that frequency. However, if you drive it at its natural frequency, it
will vibrate out of control (resonate). Show Clip 12.3 in which Dr Yan demonstrates this and
breaks a wine glass using a violin. You could try to repeat this in the lesson.

Sound and resonant frequencies

• 

• 

• 

• 
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Worksheet 12A: Frequency,
wavelength and amplitude

1. Types of waves
There are two types of waves: transverse waves and longitudinal waves. Explain the difference
between them and give examples of each type.

2. Representing waves
It is very hard to represent longitudinal waves in diagrams, so they are often drawn the same
way as transverse waves. On this diagram below, label the wavelength and amplitude.

Complete this worksheet to show your understanding of waves and wave diagrams.
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3. Different waves
How are these pairs of waves different? Assume that (like all sound in the air) they are
travelling at the same speed. How would they sound different?

Wave 1

Wave 3 Wave 4 

Wave 2
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Lesson 13
Genetic

modification
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You will need:
• Clips: 13.1, 13.2 and 13.3
• Worksheets: 13A, 13B, 13C and 13D

Suitable for: 14–16 years
Curriculum and learning links: Genetic modification
Learning objectives:
• Describe the process of genetic modification.
• Explain some of the ethical issues surrounding genetic modification.

Opening activity
• Show students the images of genetically modified organisms on 

Worksheet 13A and ask them to determine what they have in common.

Development activities

The process
• Watch Clip 13.1 in which Liz explains how papaya plants 

on Hawaii have been genetically modified to be resistant to 
a viral disease. Whilst watching the clip, ask students to 
make their own notes or answer questions on Worksheet 
13B. Review their notes or answers.

Design an organism
• Describe the process of genetic modification (perhaps using 

the popular example of jellyfish genes inserted in rabbits, 
which then fluoresce under UV light) or watch Clip 13.2. 

• Check students’ understanding by using the card sort activity 
on Worksheet 13C.

• Ask students to design an animal or plant that could be genetically modified to survive 
in an unusual or hostile environment. They could also design a genetic modification 
that they would like for themselves.

The ethics
• Explain that genetic modification is an ethical issue. Ask students to come 

up with some of the reasons for this. Watch Clip 13.3 in which some of these 
issues are discussed. Use Worksheet 13D as a prompt for a group or class 
discussion on the ethics of genetic modification.

Genetic modification
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Reflect and review
• Ask students to design a textbook page that summarises the 

process of genetic modification. Students could also write a 
balanced account of the ethical issues surrounding this process.

Want to explore further?
Students could research and debate the similarities and differences
between genetic modification, cloning and selective breeding.
Similarities of the three processes include their purpose (to modify
organisms) and advantages (e.g. higher crop yields). Differences
include the techniques themselves and the ethical issues surrounding
genetic modification and cloning.

Technician’s notes:
• Worksheet 13C can either be prepared in advance as a card sort, or given to the 

students as a cut-and-stick activity.

Genetic modification

• 
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Worksheet 13A: 
What do the organisms in these

images have in common?
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Worksheet 13B: Genetic
modification of papaya plants

1. Why was the genetic modification of papaya on Hawaii in 1998 so special?

2. What is the problem of using intensive agriculture, as mentioned in the clip?

3. What is the name of the disease that threatened the papaya population before genetic 
modification, and what are its symptoms?

4. Which organism did the gene that was inserted into the papaya come from?

5. Why was this gene inserted?

6. How was this gene inserted into the papaya genome?

7. What was the economic ‘cost’ to the genetic modification of papaya on Hawaii?

8. What disease now threatens papaya production on Hawaii?

9. Which organism did the gene that has now been inserted into the papaya come from?

10. Why was this gene inserted?

11. How was this gene inserted into the papaya genome?

We will now watch a clip from Bang Goes the Theory in which Liz explains how
papaya plants on Hawaii have been genetically modified. Answer the questions

below whilst you are watching the clip.
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Worksheet 13C: Card sort activity
for genetic modification

Embryos of the plant are infected by the bacterium.

The gene is removed using restriction enzymes.

The crop plant is grown and now contains the inserted gene.

Pesticides can now be used to kill all other plants except the crop.

The gene is inserted into a vector such as the 
bacterium Agrobacterium tumefaciens.

The gene that is responsible for the disease resistance is identified.

A naturally occurring plant that is resistant to the disease is found.

Cut out the sentences listed below and put them in the correct order. 
The process is for the genetic modification of herbicide-resistant crops.
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Worksheet 13D: 
The ethics of genetic modification

Use the following prompts to discuss the ethics of genetic modification.

If we continue to make

crops resistant to pests by using

genetic modification, this might mean

that the pests evolve more quickly or

start eating other plants.

Genetic

modifica
tion of cro

ps

has the potential to reduce

hunger and malnutritio
n,

especially fo
r those livin

g in the

developing world. It c
an make

crops more tolerant to cold or

drought.

Genetic

modification has many

uses in medicine. Insulin for

diabetics is now produced in

genetically modified

bacteria.

We

are still not sure

if these ‘Frankenstein

foods’ made by

genetic modification

really are safe.

Genetic

modification is

‘playing God’.
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Lesson 14
Mitochondrial

DNA
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You will need:
• Clips: 14.1, 14.2 and 14.3
• Worksheets: 14A and 14B

• Access to the internet

Suitable for: 14–16 years
Curriculum and learning links: Evolution, genetics
Learning objectives:
• State the difference between chromosomal and mitochondrial DNA.
• Explain how mitochondrial DNA has been used to trace human ancestry to 

‘Mitochondrial Eve’ and provides evidence for human evolution.

Opening activity
• Review the function (the site of the majority of cellular respiration) and 

location (within the cytoplasm but not the nucleus) of mitochondria.

Development activities
Watch Clip 14.1 in which Liz explains the difference between
chromosomal and mitochondrial DNA in terms of inheritance. Whilst
watching the clip, ask students to make their own notes or answer
questions on Worksheet 14A. Review their notes or answers.

Mitochondrial DNA and forensics
Tell students that they will be acting as forensic scientists to solve a
‘missing persons’ case. Explain that an old skeleton has been discovered
in their school grounds. The bones are so weathered that the only DNA
present is mitochondrial. The police think it is an old headmaster and
have determined a family tree of the person’s relatives. However, they are
having difficulty working out which of the living descendants of the

headmaster should have their mitochondrial DNA tested for
comparison. This analysis would prove whether it was the
headmaster or not. Ask students to help the police by
completing Worksheet 14B. Review the students’
results.

Mitochondrial DNA

• 

• 
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Reflect and review
Ask students to answer this potential exam question:
Explain how mitochondrial DNA provides evidence for
human evolution? [3 marks] 
Answers should include: It is inherited through the
maternal line. Mutations can be tracked backwards to
make a ‘DNA family tree’. This family tree can be used
to determine when an organism was alive and see
evolutionary relationships between it and others of the
same species.

Want to explore further?
• Students could compile a photographic family tree as Liz does in 

Clip 14.1. 

• 

• 

Mitochondrial DNA and human migration

Watch Clip 14.2 in which Liz explains how mitochondrial DNA has been
used to track the migration of humans from Africa approximately 200,000
years ago. Explain that mitochondrial DNA is a good source of evidence for
human evolution because of its inheritance down the female line, high
mutation rates, lack of degradation over time and volume in cells. 
Ask students to research human migration using the internet. Alternatively
watch Clip 14.3 in which Liz explains how her ancestors, as well as those of
Dallas and Jem, migrated from Africa.

• 

• 

Mitochondrial DNA
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Worksheet 14A: Chromosomal 
and mitochondrial DNA

We will now watch a clip from Bang Goes the Theory in which Liz explains the
difference between chromosomal and mitochondrial DNA in terms of inheritance.

Answer the questions below whilst you are watching the clip.

1. When was the beginning of modern man?

2. What is the name of the ‘parcels’ of DNA in which our characteristics are inherited?

3. Why is Liz’s chromosomal DNA different from that of either of her two parents?

4. What is recombination?

5. Besides chromosomes, where else in our cells is DNA found?

6. What is unusual about this type of DNA?
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Worksheet 14B: 
‘Missing persons’ case

You will be acting as forensic scientists to solve a ‘missing
persons’ case. You will use mitochondrial DNA to do this. 

A skeleton has been found in your
school grounds. The bones are so
weathered that the only DNA present is
mitochondrial. The police think it is an
old headmaster and have determined
a family tree of this person’s relatives.
However, they are having difficulty
working out which of the living
ancestors of the headmaster should
have their mitochondrial DNA tested
for comparison. Analysis of their
mitochondrial DNA would prove
whether it was the headmaster or not.

chromosomal DNA

is found within the

nucleus

Mitochondria are

organelles found in

the cytoplasm and

contain their own

DNA

Inheritance of mitochondrial DNA:
Mitochondria are found in the cytoplasm and are the major site of cellular
respiration. They contain small sections of DNA that are independent of that
found in chromosomes. Importantly:
1. Mitochondrial DNA can only be inherited from a person’s mother.
2. Both male and female children only inherit mitochondrial DNA from their 

mother.

bgtt_teacherspack_2011_BGTT Teacher'spack 2011  01/12/2011  14:12  Page 88



89

© BBC

Worksheet 14B: 
‘Missing persons’ case

What to do:
Your task is to identify which of the living individuals in the family tree below should have
their mitochondrial DNA tested to determine if the bones belong to the headmaster or not.
Unfortunately, all persons that are now dead have been cremated and so they cannot be
tested. If you select the correct person or people and their mitochondrial DNA matches, we
will know for certain that the bones belong to the missing headmaster.

1. Use a coloured pen to draw over the lines on the family tree connecting any 
individual that will have inherited the DNA of the dead headmaster.

2. Colour in the individuals connected by your coloured lines to show those that 
could have their mitochondrial DNA tested.

Great Great Grandparents

KEY

Great Grandparents

Grandparents

Parents

Current Generation

MaleHeadmaster Female Female
deceased

Male
deceased

Questions:
1. What is the total number of individuals who could have their mitochondrial DNA tested?

2. Describe the pattern of inheritance shown in this diagram.

3. How far back could the mitochondrial DNA of the headmaster be traced?
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Worksheet
answers 

bgtt_teacherspack_2011_BGTT Teacher'spack 2011  01/12/2011  14:12  Page 90



91

© BBC

Sun

Actual distance
from Sun

(million km)

Distance from
Sun in the model

(m)

Object used to
represent celestial

bodies in the model

– – Football

Mercury 56 18 Grain of sand

Venus 111 37 Small nut

Earth 153 52 Pea

Mars 234 78 Grain of rice

Jupiter 777 259 Golf ball

Saturn 1500 472 Table-tennis ball

Uranus 2800 about 1000 Grape 

Neptune 4500 1500
(not specified) Grape 

Pluto 6000 2000 Tiny grain of sand

Oort Cloud Not specified In the 
Western USA

–

Proxima Centauri 4.2 light years over 14,000
km

Hockey ball

Answers to Worksheet 2A
1. Eleven
2. Five months
3. Birds, fish, turtles and dolphins.
4. The oil spill has also affected the coastline, beaches and people’s jobs.
5. Answer is open-ended.

Answers to Worksheet 2B
Answers are open-ended and sources may disagree.

Answers to Worksheet 4A
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Answers to Worksheet 5A 

1. The dawn of the Solar System was 4.6 billion years ago.
2. The planets were formed from a cloud of protoplanetary dust.
3. Early Earth was a big lump of hot soft rock with no atmosphere.
4. The Earth was formed from the rubble that was orbiting the Sun.
5. Asteroids knocked the Earth off a vertical axis.
6. The elliptical orbit of the Earth around the Sun hardly affects the amount of solar 

energy that the Earth receives.
7. If the Earth had no tilt, there would be no seasons.
8. The Moon affects the Earth by stabilising the Earth and keeping its axis of rotation at 

23.4 degrees from the vertical.

Answers to Worksheet 5B 

1. This picture shows rays of sunlight travelling from the Sun to hit the Earth. The Earth’s 
tilted axis is also shown. The rays that hit the Earth near the equator are spread over a       
smaller area and are therefore more intense. This explains why it is hotter at the 
equator. The rays that hit near the poles are spread out over a wider area and are 
therefore less intense. This explains why it is colder at the poles.

2. The Northern Hemisphere is in winter because it is tilted away from the Sun. This 
means that it is colder because energy from the Sun is more spread out when it hits             
the Earth’s surface. 

3. The equator always faces the Sun directly and so the days and nights are the same 
length (12 hours each). The polar regions are angled towards the Sun in their 
summers and away from the Sun in their winters. They therefore have very long days 
in their summers and long nights in their winters.
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Answers to Worksheet 5C

The Sun:
1. Hot plasma interwoven with 

magnetic fields.
2. 99.86%.
3. Hydrogen, helium, oxygen, carbon, 

neon and iron.

Mercury:
1. 88 days.
2. It has the smallest tilt.
3. Iron, which generates a magnetic field.

Venus:
1. Love and beauty.
2. Sulfuric acid.
3. 92.

Earth:
1. 4.54 billion years ago.
2. 1 billion years.
3. 23.4o.

Mars:
1. Iron oxide.
2. The tilt of its axis.
3. It is the largest known mountain in the 

Solar System.

Jupiter:
1. Largest.
2. Hydrogen and helium.
3. It is spinning very quickly.

Saturn:
1. It has a much larger volume.
2. 1800km/h.
3. Its nine rings are mainly made from ice 

with some rocky debris and dust.

Uranus:
1. It is the lowest in the Solar System 

at -224oC.
2. Water and methane.
3. It is so great that the poles are near    

where most other planets have their 
equators.

Neptune:
1. It was found by mathematical 

prediction rather than observation.
2. Traces of methane in its outermost 

regions.
3. 5000oC.
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Stationary floating boat

Sky-diver
travelling at

constant speed

Hot air balloon
accelerating
upwards

Aeroplane travelling at constant speed

Answers to Worksheet 6A

Lift

Weight

Weight

Upthrust

Upthrust

WeightWeight

Air resistance

Air resistance

Thrust
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Answers to Worksheet 6B
Answers:
1. Mach 1.
2. The sound barrier.
3. Mach 1.02.
4. Quiet and smooth.
5. You would hear a loud boom and 

nearby windows may shatter.
6. 160 cars.

7. 31%.
8. The air is thinner and therefore there is    

less air resistance.
9. Skin friction.

10. Form drag.
11. No wind tunnel can generate an air 

stream fast enough.

1. Stationary on the start line.

2. Accelerating towards 1000 miles per hour.

3. Travelling at constant speed at 1000 miles per hour.

4. Decelerating using air brakes and parachutes.

Answers to Worksheet 6C

The forces are balanced in diagrams 1, 3 and 5.

5. Stationary at the end of the challenge.
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Answers to Worksheet 7A

Better-adapted organisms
are more likely to

reproduce and pass 
on their characteristics to

their offspring.

Those organisms with
advantageous

characteristics are more
likely to survive 

(survival of the fittest).

Most populations of living
organisms have individuals

within them that 
vary slightly.

Population sizes of most
organisms are stable and so
there must be competition
between individuals within

these populations.

Over time, more individuals
in a population will possess

the advantageous
characteristics (and poorly

adapted characteristics
may be lost).

Most organisms produce
more young than will
survive to adulthood.
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Answers to Worksheet 7D

Simple eye with a lens
seen in sea snails

Eye with refractive cornea 
seen in mammals

‘Cup eye’ seen in 
turbellarian worms

Compound eye seen in
insects

‘Pinhole camera eye’ as
seen in a Nautilus

Eye spot as seen in
Euglena

Answers to Worksheet 7B
1. The eye is sometimes seen as a challenge to Darwin’s theory of evolution 

because it is so complex.
2. Photoreceptive cells (rods and cones) are found on the retina.
3. Euglena has a simple eye spot.
4. A curved ‘cup eye’ is able to detect the direction that light is coming from.
5. The marine mollusc Nautilus has a ‘pinhole camera eye’.
6. Dawkins uses a small bag of water to model a lens.
7. The octopus eye is similar to ours but has come from a completely different 

evolutionary origin.
8. 400,000 generations; less than half a million years.
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Answers to Worksheet 9A
Liz visits the Pacific Tsunami Warning Centre in Hawaii

1. Sulfur dioxide.
2. 1000oC.
3. By falling into the sea.
4. Up to 300 miles.
5. Around 1 metre.
6. Up to 600mph.
7. It slows down but gains height.
8. Seismometer (or seismograph).
9. To make future predictions more accurate.

10. 3 minutes.
11. 15 minutes.

Dallas visits California

1. San Andreas.
2. Magnitude three on the Richter scale.
3. 100 metres.
4. To allow sections to move independently during an earthquake, reducing the damage 

caused.
5. 70%.
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Answers to Worksheet 12A

Answers to Worksheet 11B 

1. In transverse waves, the vibrations are at right angles to the direction that the wave 
travels. Examples include light and waves in the oceans. In longitudinal waves, the 
vibrations are in the same direction as the wave is travelling, for example, sound.

2.

3. Waves 1 and 2 have the same amplitude but different wavelengths (and therefore 
frequencies). If they were sounds, Wave 2 would have a lower pitch than Wave 1. 
Waves 3 and 4 have the same wavelength but different amplitudes. If they were    
sounds, Wave 4 would be louder than Wave 3.

wavelength

amplitude

1. Antibiotics only work for a limited time because the bacteria they are targeting evolve 
resistance.

2. A bacterium can divide up to 200 trillion times in one day.
3. We might run out of antibiotics in ten years.
4. You should finish your course of antibiotics because otherwise the bacteria that survive 

may have evolved resistance.
5. A virus is used to attack the MRSA bacteria.
6. The virus kills the bacteria.
7. The second wave of activity in the Petri dish is the production of toxins.
8. The molecule prevents the bacteria from receiving signals from other bacteria cells.

bgtt_teacherspack_2011_BGTT Teacher'spack 2011  01/12/2011  14:13  Page 99



100

© BBC

Answers to Worksheet 13B 
1. The genetic modification of papaya on Hawaii in 1998 was so special because it was 

the first genetically modified fruit deemed fit for human consumption.
2. Intensive agriculture is problematic because the crop becomes vulnerable to disease.
3. The disease was called Ringspot and the symptoms include black rings on the skin of       

the fruit.
4. The gene came from the Ringspot virus.
5. This gene was inserted because it would give the papaya resistance to the virus.
6. The gene was inserted by tiny metal pellets coated with the genetic material.
7. The economic cost was that the Japanese customers didn't want to buy GM food and 

the new papaya was more susceptible to new diseases.
8. A root fungus now threatens papaya production on Hawaii.
9. The new gene comes from grapes.

10. This gene was inserted because it makes the papaya resistant to the fungus.
11. The gene was inserted using a bacterium.

A naturally occurring plant that is resistant to the disease is found.

The gene that is responsible for the disease resistance is identified.

The gene is removed using restriction enzymes.

The gene is inserted into a vector such as the 
bacterium Agrobacterium tumefaciens.

Embryos of the plant are infected by the bacterium.

The crop plant is grown and now contains the inserted gene.

Pesticides can now be used to kill all other plants except the crop.

Answers to Worksheet 13C: 
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Answers to Worksheet 14B 

1. Nine living relatives could be tested.
2. Mitochondrial DNA is passed down from mother to offspring (both 

male and female). No mitochondrial DNA is passed down from the 
father. Male offspring will therefore be the end of the line of 
inheritance.

3. The mitochondrial DNA of the headmaster could be traced back four generations 
from the current generation (to their great, great grandparents) or two generations     
from the headmaster.

Answers to Worksheet 14A 

1. The beginning of modern man was 200,000 years ago.
2. The parcels of DNA are called chromosomes.
3. Liz's chromosomal DNA is different because she has inherited some from each parent.
4. Recombination is when your parents’ DNA is shuffled around before it is passed to you.
5. DNA is also found in our mitochondria.
6. This type of DNA is unusual because it all comes from your mother and it doesn't get 

recombined.

MaleHeadmaster Female Female
deceased

Female to
be tested

Male to be
tested

Male
deceased

Great Great Grandparents

Great Grandparents

Grandparents

Parents

Current Generation

NB - Green coloured descendants that have been crossed out would have been carriers of the mitochondrial DNA
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Useful links

Below are some key sources of information and links to other
organisations that you may find useful. Please note: the BBC is not

responsible for the content of external websites.

General science information sources

• Bang Goes the Theory highlights, hands-on science and web exclusives: bbc.co.uk/bang

• Video clips from Wonders of the Solar System and the archive: bbc.co.uk/solarsystem

• Science programmes and content on the BBC: bbc.co.uk/science

• Science and Environment news from the BBC: 
bbc.co.uk/news/science_and_environment

• Natural history content from the BBC: bbc.co.uk/wildlifefinder

• Weather and meteorology information: bbc.co.uk/weather

Useful science organisations

• Association for Science Education: www.ase.org.uk
UK’s largest science association dedicated to the teaching of science.

• British Science Association: www.britishscienceassociation.org
Charity that exists to advance the public understanding, accessibility and accountability 
of the sciences and engineering in the UK. 

• CLEAPSS: www.cleapss.org.uk
Advisory service providing support in science and technology for a consortium of local 
authorities and their schools. 

• Engineering UK: www.engineeringuk.com
Promotes the vital contribution of engineers, engineering and technology.
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Useful science organisations

• ESERO: www.esero.org.uk
Promotes the use of space to enhance and support the teaching and learning of 
STEM in schools and colleges throughout the UK.

• Institute of Physics: www.iop.org
Professional body actively working to promote developments in physics. Includes 
support for teachers and classroom resources. 

• National Endowment for Science, Technology and Arts: www.nesta.org.uk
Independent body with a mission to make the UK more innovative.

• New Outlooks in Science and Engineering (NOISE): www.noisemakers.org.uk
Aims to engage 14 to 19 year olds with science and engineering. Includes teacher’s 
information pack.

• The Royal Institution of Great Britain: www.rigb.org
Independent charity dedicated to connecting people with the world of science.  
Includes free educational resources.

• The Royal Observatory, Greenwich: www.nmm.ac.uk/places/royal-observatory 
Museum and science centre providing schools and the wider public access to 
information about space. 

• Royal Society: www.royalsociety.org
The UK national academy of science.

• The Royal Society of Chemistry: www.rsc.org
Produces a range of resources for teachers and students and delivers training.

• UK Association for Science and Discovery Centres: www.sciencecentres.org.uk
Represents over 50 science centres in the UK. 
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Useful Science Organisations

• Science Learning Centres: www.sciencelearningcentres.org.uk
National network for professional development in science teaching.

• Society of Biology: www.societyofbiology.org
Champions the study and development of biology. 

• Science, Technology, Engineering and Mathematics Network: www.stemnet.org.uk
STEM resources for students and teachers and science clubs.

• Wellcome Trust: www.wellcome.ac.uk
Resources to help promote contemporary science in the curriculum and to enable 
young people to engage with biomedical science. 

Science Education Resources

• BBC videos selected to work with the curriculum: bbc.co.uk/learningzone/clips

• BBC science learning resources and online courses:    
bbc.co.uk/learning/subjects/science.shtml

• BBC science revision resources for KS3, GCSEs, Standard Grades and AS levels:     
bbc.co.uk/schools/gcsebitesize/science 

• BBC science resources for teachers: 
bbc.co.uk/schools/websites/11_16/site/science.shtml

• Teaching and learning materials supported by full open access to the design, build, test 
and record-breaking attempts of Bloodhound SSC: www.bloodhoundssc.com

• Free online access to a growing range of interactive multimedia e-learning resources:    
www.curriculumbits.com
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Science Education Resources

• KS3 and KS4 resources for science, along with study notes for GCSE Double Award 
Science: cleo.skoool.co.uk

• Free revision resources for GCSE Physics: www.gcse.com/physics.htm

• Online activities to help students investigate different science topics: 
www.micro.magnet.fsu.edu/optics/activities/students/index.html

• Short science films and resources: scicast.org.uk/films

• Activities for exploring the world of renewable materials: 
www.renewableworld.org.uk

• Information on historic collections, galleries and inspirational exhibitions:    
www.sciencemuseum.org.uk

• Easy-to-understand explanations of how the world actually works: 
www.science.howstuffworks.com

• Classroom resources regularly updated to be relevant to current science topics: 
www.upd8.org.uk

• Free science resources for children, young people, teachers and parents: 
www.planet-science.com

• Year-long programme of resources, activities, competitions and events designed to 
inspire young people about STEM: faraday.theiet.org
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Regional Resources

Scotland

• Association for Science Education Scotland: www.asescotland.org.uk
• BBC Scotland Learning: bbc.co.uk/scotland/learning
• Curriculum for Excellence, Science Experiences and Outcomes:

www.ltscotland.org.uk/curriculumforexcellence/sciences
• Scottish Schools Equipment Resource Centre: www.sserc.org.uk

Wales

• BBC Wales Learning: bbc.co.uk/wales/learning
• Science Shops Wales: www.scienceshopswales.org.uk
• Techniquest Cardiff: www.techniquest.org
• Techniquest Glyndŵr: www.tqg.org.uk

Northern Ireland

• BBC Northern Ireland Learning: bbc.co.uk/northernireland/learning
• W5 Discovery Centre: www.w5online.co.uk
• The Northern Ireland Planetarium: www.armaghplanet.com

The Open University

• The Bang Goes the Theory TV series is a BBC/Open University co-production. This 
partnership delivers peak-time programmes with a broad appeal to encourage wider 
participation in learning. For more information, visit: 
www.open.ac.uk/openlearn/bang 

• The Open University's Young Applicants in Schools and Colleges Scheme (or YASS 
for short) enables academically gifted students in Years 12 and 13 to study a wide 
range of undergraduate modules at first-year level.
Head to www.openuniversity.co.uk/bbcyass for more details.

• Free science study units are also available. Find out more at:    
www.openuniversity.co.uk/bangteacherspack
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