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Introduction
Welcome to our latest Exploring Science Extra
pack. We’re looking at Antarctica in this pack. It
might seem strange to study this continent during its
winter months, when webcams that students might
take a look at are very often in darkness.
http://www.antarctica.ac.uk/images/webcams/index.php

However, the pack is designed to coincide with The
Coldest Journey, an expedition (originally led by Sir
Ranulph Fiennes) to cover the 2000 miles across
Antarctica during the winter months. If they succeed
this will be no mean feat, with temperatures that
can plunge down to –70 °C and chasms that can
swallow people and equipment … and with pretty
much the whole expedition happening in darkness.
Sir Ranulph was forced to leave the expedition
in early March, due to frostbitten fingers after
removing a glove at the wrong time (and
temperature!). The remaining team of five started
out on their epic journey on 21st of March. You can
follow their progress at their website, on Facebook
and on Twitter.

There are many issues raised by The Coldest Journey
(e.g. whether there is a point to the expedition,
whether the carbon footprint is too high, whether
people should be allowed to go into Antarctica).
Before using the pack with students, you could ask
each student to fill in an ‘entry ticket’ – essentially
a small piece of paper on which they write down
whether they think The Coldest Journey is a good
or bad idea and one or two reasons why. Collect
in the tickets. Once you have finished the activities
that you wanted to do, ask students to complete ‘exit
tickets’. Students repeat the exercise and you collect
in the tickets. By comparing the ‘entry’ and the ‘exit’
tickets, it should then be possible to see a number of
changes, including:
s¬ whether the class view of the expedition has
changed
s¬ whether students have learnt and understood
more about the expedition (by looking at the
reasons that they give).
With best wishes for the Summer Term

http://www.thecoldestjourney.org/

Mark

http://www.facebook.com/TheColdestJourney

Mark Levesley, Series Editor

@coldestjourney

As ever, the pack contains a Student Booklet, a
Teacher’s Guide (with suggested activities) and
Activity Sheets (to support some activities).Some
activities are fun extensions to existing KS3 work
and some take students a little beyond KS3.
However, all the activities will enable students to
practice key scientific skills.

Did you know?
Science raises many issues and getting students to
think about the issues can be a good motivator. It can
also provide a way for you and students to see how
their thinking changes and their learning develops.

P.S. We’ve had some really useful feedback
recently, about Exploring Science and these packs.
Keep your ideas, comments and suggestions
coming to
www.pearsonschools.co.uk/exploringscienceextra
Exploring Science Extra 2012 no 7 Picture Credits
The publisher would like to thank the following for their kind permission to
reproduce their photographs:
Alamy Images: The Illustrated London News Picture Library / Ingram
Publishing ; Digital Vision; Guillaume Dargaud; Pearson Education
Ltd: HL Studios ; Shutterstock.com: Dmitri Melnik ; Veer/Corbis: goinyk ,
stillfx , TrotzOlga
Cover images: Front: Shutterstock.com: Gentoo Multimedia Limited
All other images © Pearson Education
In some instances we have been unable to trace the owners of copyright material,
and we would appreciate any information that would enable us to do so.

1

1

Antarctica

The icy continent
Antarctica is the fifth largest continent on Earth, about twice the
size of Australia or 58 times larger than the UK. It lies across the
South Pole (90° S) and is separated from all other land masses
by the Southern Ocean.
Although Antarctica is virtually all covered in ice and snow, it
is unlike the Arctic region because there is land below much of
the ice. Two ice ‘shelves’ stick out into the sea all year round.
During winter months (April–September), sea ice forms around
the edge of the continent, extending the total ice area further.

A A summer view in Antarctica. In the
background is Melbourne volcano, in the mid
ground the ice shelf is breaking up as the sea
ice melts, and in the foreground there is bare
rock.

Antarctic data
Total area including ice shelves: 13 829 430 km2 – over 99% of this is covered in ice.
Highest mountain: Mt Vinson 4892 m
Thickness of ice: mean 1829 m, maximum 4776 m
Longest period in continuous daylight: about 4 months (November to February)
Temperature: coldest –89 °C (Vostok station), mean –57 °C (inland) –3 °C (coastal)
Mean wind speed: 5.5 m/s (inland), 17.2 m/s (coastal). Wind speeds can be >80 m/s.

Icebergs
An iceberg is a huge piece of ice that has broken off (calved) from the end of a glacier where it meets the
sea, or that has broken from an ice shelf. Icebergs are made mainly of snow and so, when they melt, they
release vast quantities of fresh water into the sea.
The largest icebergs in the world break off ice shelves in Antarctica. They are given numbers and names
depending on where they were formed. They are then tracked by satellites to warn ships in the area.
Icebergs gradually melt as they
move north into warmer areas.
They break up due to the
action of wind and
waves, and
to internal
cracking as
they warm.

© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials

B Large icebergs are a danger
to ships, but are also a useful
resting place for animals.
The tiny black dots on
the flat area are a large
group of penguins.
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Discovering Antarctica
Discovering Antarctica
Early ideas about the world suggested that there was a southern land that
‘balanced’ all the land in the northern hemisphere. This hypothetical land
was called Terra Australis meaning ‘southern land’.
The great sailing expeditions of the 1400s and 1500s showed that ocean
separated all known lands from anything further south. However the presence
of land wasn’t confirmed until it was sighted in 1819. The first landing on
the continent took place in 1821. The land was called Antarctica meaning
‘opposite to the Arctic’.

C A postage stamp was
issued to commemorate the
reaching of the magnetic
South Pole in 1909 by
a team from a British
expedition led by Ernest
Shackleton.

Since then there have been many expeditions to the continent. At first,
explorers sailed around it and proved that it was a single large mass of land.
Later expeditions explored the land itself, often to discover new parts of the
continent, to carry out scientific research and to claim different areas for a
particular country.

The magnetic South Pole is where all magnets
point south as a result of the Earth’s magnetic
field. This is not the same as the geographic
South Pole (90° S), which is the southern point of
the Earth’s axis of rotation.

Just over 100 years ago, several expeditions
attempted to reach the geographic South Pole. The
first successful one was the Norwegian expedition
led by Roald Amundsen that arrived on 14th
December 1911. Robert Falcon Scott’s British team
arrived there 33 days later.

Preparing for expeditions
Food
Expeditions had to take almost everything that they
needed to survive and carry out their plans. During the
summer, the men could eat penguin or seal meat, or
fish. They could also get fresh water from the snow. All
other food had to be preserved and packaged so that
it would last for many months. This meant that until we
knew enough about the nutrients needed in our diet, people
on long expeditions often suffered from not getting enough
vitamins, or enough energy from their food.
Scurvy, caused by a lack of vitamin C, was a particular problem.
Unless the right food is eaten, this deficiency leads to weakness, loss of
teeth and eventually death. It contributed to the failure of Scott’s team
to complete their journey after their attempt to be the first to the South
Pole, and all the men died.

D Fresh citrus fruits are an excellent
source of vitamin C. However,
the vitamin soon breaks down
in contact with air, or if kept in
containers made of copper. Fresh
meat can also supply enough
vitamin C to protect against scurvy.

© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Discovering Antarctica continued

Transport
Early expeditions took dogs or ponies to pull sleds, though these
were usually killed as food ran out. Ernest Shackleton’s 1907–09
expedition took a specially designed car for the flat areas of ice.
Modern expeditions often use petrol-driven vehicles. The vehicles
need to carry enough fuel to cover emergencies, as well as all the
equipment needed to support the exploring team.
E Pink cheeks and a red nose are signs that
the skin is getting too cold.

Clothing
The right clothing is essential for surviving conditions in Antarctica. If some skin gets cold, the body initially
increases blood flow to that area, to help protect the skin against damage from ice.
If the inside of the body gets cold, then blood flow through the skin, fingers and toes is reduced, so that the
warm blood remains deeper inside the body the body. If it gets so cold that ice crystals form inside cells,
the cells are damaged and this can lead to frostbite. Many Antarctic explorers have lost parts or all of
some fingers and toes to frostbite.
If a person’s body temperature falls even further, the brain is
affected and the person may become irrational, tired and unable to
concentrate. This is known as hypothermia. They may feel so tired
that they want to lie down in the snow and sleep, which will lead to
death as the body cools down further and the heart stops beating.
Clothing provides the insulation that prevents hypothermia and
cooling. This can include wearing a face mask to protect the face
and to warm the air that is breathed in. Several layers of different
types of clothing provide the best insulation. Modern materials
also help to let sweat out so that the skin isn’t kept damp inside the
clothes.
Life at camp
Most expeditions rely on a base camp, particularly if the team stay in
Antarctica over winter. Scott’s hut on Ross Island for his 1910–1912
expedition has been kept as a memorial to the team. It shows that the
team lived in reasonable comfort during the winter. The hut was kept
warm by a stove that burnt wood or coal. The stove was also used
for cooking. Lighting was provided by acetylene gas lights.
F Roald Amundsen wore outer clothes made from animal skins on his expedition to the South Pole in 1911.
Today, outer clothing for cold regions often contains down feathers for their excellent insulation.
© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Life in Antarctica

Conditions in Antarctica are extreme. During the winter months, the
Sun does not rise above the horizon. Temperatures may be extremely
cold and, near the coast, winds may blow at storm force. During the
short summer, when the sun never sets, the weather is much milder,
though it can still be cold.
Most organisms live in the ocean surrounding the continent. Water
from deep in the ocean rises up to the surface, bringing lots of
nutrients. Plant plankton (microscopic plants) use light from the Sun
G Weddell seals give birth on land
during the summer months, when there
and nutrients from the water to grow. Animal plankton (microscopic
are plenty of fish in the sea to make
animals) feed on the plant plankton. Krill (a kind of shrimp) and small
the rich milk that the pups feed on.
fish eat the animal plankton, and many other animals eat the krill and
fish. There are such large numbers of krill, that whales such as the blue
whale (Earth’s largest animal) come to feed on the krill during the summer
months.
Even animals that go on to land, such as seals and penguins, are better
adapted for moving through water than over the ground. However, the land
provides a safe area for rearing young, away from most predators.

Penguins

H Adélie penguins lay their
eggs on rocky ground once
the ice has melted. Their
chicks must be ready to
return to the sea before the
snow returns

Penguins are highly adapted to living and feeding
in water. On land they find it difficult to walk long
distances, and on snow they may ‘toboggan’ instead.
In water they can swim at speeds over 20 km/h,
which they need to catch their food (mainly fish
and krill). In the water, their black backs camouflage them when seen from
above and their white fronts camouflage them when viewed from below.

Penguins have small, well-oiled outer feathers that make them waterproof.
Beneath the outer feathers is a layer of downy feathers that act as insulation.
Beneath the skin is a layer of fat, which is thicker in species that live in
colder regions.
There are 17 species of penguins today. Six species are found around
Antarctica, but only the Emperor penguin and Adélie penguins breed
on the mainland.
I Emperor penguins are the largest penguin species. Eggs are laid in early winter. Each male protects his egg in
a pouch that covers his feet. During the dark winter storms, the males huddle together in large numbers to keep
warm. In the spring, the females return while the males go back to sea to feed.
© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Resources of Antarctica

Around 200 million years ago Antarctica was part of a
large supercontinent, Pangaea. It was also much nearer the
Equator than it is today.
This explains why some fossils found in Antarctica are
identical to those found in Australia, South America and
southern Africa. It also explains why there are large coal
and oil reserves in the region, as these can only have formed
from organisms that lived there millions of years ago.

Asia

Europe
North
America

Equator

Africa and Arabia
South
America

India
Australia
Antarctica

Resources today
One of the reasons why countries wanted to claim parts of
Antarctica was so that they could use the resources found
there. Coal is the main underground resource on the land,
though there are also deposits of iron ore.

J Pangaea slowly split into the continents we see
today. Antarctica first drifted away from other
land about 25 million years ago.

The most valuable resources are oil and gas fields, which were found in 1973 in the Ross Sea near
to Antarctica.
Antarctica is valuable for other reasons too. The large numbers of fish and whales in the surrounding waters
are a potential source of food for humans. Antarctic fur seals nearly became extinct through hunting for their
skins during the 18th and 19th centuries.

The Antarctic Treaty
In 1961, 12 countries that were active in Antarctica
agreed a treaty, known as the Antarctic Treaty. This
treaty banned all military activity, including the testing
of nuclear weapons and dumping of nuclear waste. It
also set aside disputes of ownership and encouraged
countries to work together in scientific research.
Since 1961 another 44 countries have agreed to the
treaty, and additional agreements have been made
that protect the wildlife, prevent the exploitation of
mineral resources and control all potential pollution
of the area. All activities planned for the area must
produce an environmental impact assessment,
including expeditions. Any activity that may have
K Some cruise companies now offer Antarctica as a trip more than a ‘minor or transitory impact’ must be
destination. Around 30 000 people visit each summer.
accepted by the Committee for Environmental
Could tourism damage Antarctica?
Protection before it can be carried out.
© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Science research

Antarctica provides a unique opportunity for
scientific research, partly because the area is so
isolated from the rest of the world, and partly
because of the extreme conditions there.
Not only do scientists research aspects of the land,
ocean and atmosphere, they also study the animals
that live on the land and in the ocean. The scientists
also study themselves, including the way the human
body reacts to cold.
About 4000 people live on and study the Antarctic
continent during the summer months (December
to March), while about 1000 stay there through
the winter. During that time they must have all the
food and resources that they need, as supply ships
cannot get close to the land.

L Many species of animals are studied in Antarctica.
Identification rings attached to birds help scientists to study
individuals, such as who they mate with, how far they travel
and how many chicks they rear.

Atmospheric measurements
In the 1970s scientists started to measure the atmosphere above Antarctica, including the amount of ozone
(a form of oxygen that has 3 oxygen atoms, O3). Amounts of ozone vary at different times of the year,
due to temperature. However, the decrease in ozone since the 1980s has been so great in the winter that
it produces what is called an ‘ozone hole’. Ozone is essential in the atmosphere, as it protects the Earth’s
surface (and us) from some of the Sun’s radiation.

Minimum ozone (DU)

The cause of the ozone hole is thought to be CFC (chlorofluorocarbon) gases, such as freon, used in
refrigeration equipment. When CFCs are released from broken equipment they move up high into the
atmosphere. Here they are broken down by radiation from Sun to release chlorine atoms. Chlorine atoms
are very reactive. They react with ozone breaking it down to the normal form of oxygen (2 oxygen atoms,
O2) and producing chlorine monoxide (ClO).
210
Chlorine monoxide also reacts with ozone,
190
producing a chlorine atom and a normal
170
oxygen molecule. As a reactive chlorine atom
150
is produced, the reactions become continuous,
130
breaking down more and more ozone. It can
110
90
take decades for this reaction to end.
70

1980

1990

2000

2010

Year
M Minimum measurements of atmospheric ozone, made by
the TOMS satellite in Antarctica between 1980 and 2013.

The use of CFCs has been banned in many
countries since the mid-1990s, except
where there is no suitable alternative,
such as in aircraft.

© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Science research continued

Respiratory infections
Some people think that the ‘common cold’ is so-called because you catch it after getting cold. As scientists
in Antarctic research bases experience deep cold, this idea suggests they should get more colds than when
they are back home. The isolation of the bases also allows for the testing of another hypothesis, that the
risk of getting a cold depends on the people you meet.
Long-term studies show that scientists are more likely to get colds
when new scientists come to the base, or when they go home.
This supports the idea that getting a cold is mainly caused by
infection with new viruses rather than the low temperatures
allowing viruses already in your body to make you ill.

Wind chill

N This Antarctic scientific research base is
surrounded by an Adélie penguin colony in
summer.

Wind chill measures the effect of wind speed on the cooling of
the body. The idea was developed by Paul Siple and Charles
Passel, two American scientists who worked in Antarctica in the
1940s. They hung a plastic bottle of water outside in different
temperatures and wind speeds and measured how long it took the
water to freeze. From their results they produced a simple formula
to calculate wind chill.

More complicated equations are used today to calculate wind chill equivalent temperatures (the ‘feels like’
temperatures in weather forecasts). These calculations take into account other factors such as the humidity of
the air and the amount of sunshine. However, the original formula was very useful for predicting the effect of
the wind on the risk of frostbite for people working in very cold areas.

Information from the ice
The Antarctic ice sheets are formed from layers of snow that
have built up over thousands of years. The snow layers trap
bubbles of air in the ice. Scientists have taken ice core samples
that go back to over 400 000 years ago. Analysis of the air
bubbles shows that the proportions of oxygen and carbon
dioxide have changed in the atmosphere. Comparison of
different forms of gases in the bubbles gives an estimate of the O Construction of the EPICA drilling rig at
Concordia Station in Antarctica. The ice core
temperature of the Earth’s surface over that time.

Lakes under the ice

from this site could go back around 890 000
years.

More than 70 lakes have been discovered under the ice sheets of Antarctica. Lake Vostok is the largest of
these. It was thought that each lake had been isolated for over 500 000 years, but recent research suggests
that occasionally water flows between lakes. Water samples from these lakes may provide evidence of new
species of bacteria that have evolved to cope with the extreme conditions deep below the ice.
© Pearson Education Ltd 2013 Exploring Science Extra Student Support materials
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Antarctica

Note: There is currently an expedition to cross Antarctica during the winter months. This expedition is
supported by the website http://www.thecoldestjourney.org, which includes information about the
preparations for the expedition as well as a blog as the expedition progresses.

Emperor penguins

Exploring Science links: 7B, 7C, 7D
Activity Sheet 1 provides three sets of questions that could be used as a basis for internet research,
note-taking and preparing answers. Each set of questions covers a different unit in the Year 7
Exploring Science course and could be used independently. Alternatively, research on all three sets
of questions could be used to synthesise and revise learning towards the end of the year. Skills
Sheet SS59 may support students on taking notes from what they read. Weaker students may need
help identifying what they should record in their notes.
Useful websites for research include
http://www.antarctica.ac.uk/about_antarctica/wildlife/birds/penguins/index.php
http://lrs.ed.uiuc.edu/students/downey/project/penguins.html
The results of research could be presented as labelled diagrams or short reports.
Resources: Activity Sheet 1, Skills Sheet 59.

A key to Antarctic penguins

Exploring Science link: 7D
Students could use the knowledge they have gained on classification keys in Exploring Science 7D to
produce a branching key for the identification of penguins that live in and near Antarctica. The
Student Booklet provides information about some of these species. Further information can be found
on the internet, including the sites given above.

Fuels in Antarctica

Exploring Science link: 7F
Students should read through the Student Booklet and note all the fuels that are listed. They may
need to carry out some research to confirm that acetylene gas is also a hydrocarbon and will
therefore react in a similar way with oxygen as the hydrocarbons in oil, wood and coal.
They could present their results as a table showing the fuel, what it was used for and the word
equation for its combustion.
You could extend the activity by asking students to write a list of safety precautions that should be
taken when burning each fuel. This should give them the opportunity to consider incomplete
combustion.
Answers:
The fuels that the students should find are coal and wood (used as stove fuel for heating and cooking
in Scott’s expedition), acetylene gas (for lighting in Scott’s expedition), petrol (for vehicles for modern
expeditions), oil and natural gas (resources found in Antarctica).

Iceberg data

Exploring Science link: 7K
Activity Sheet 2 provides some data on icebergs and the density of different kinds of water and of ice.
Questions on the sheet give students the opportunity to carry out calculations using the equation
density = mass / volume. The sheet begins with using the equation in its given form and then moves
on to manipulating the equation to calculate volume.

Given the size of the values for mass and volume of an iceberg, this could be a useful opportunity to
cover work on converting units and handling large numbers. The worksheet starts with densities of
water in terms of kg/m3, which will be easier for students to work with. Students who are good at
maths could be challenged to convert these to g/cm3 – for example, the density of sea water is
1.03 g/cm3.

Exploring Science Extra Teacher Guide
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Answers:
1 Density of ice = 917 kg/m3
2 Icebergs float because they have a lower density than sea water.
3 Yes, it would float as the density of ice is lower than that of fresh water, as long as it wasn't too
large to touch the bottom or sides of the river.
4 4 000 000 / 999.8 = 4000.8 m3
5 3 270 000 000 000 m3 (using standard form: volume = 3 1015 / 9.17 102 = 3.27 1012 m3)
Students should use the mass given in the question and the density that they calculated in Q1, so
credit should be given for showing this working even if they did not correctly calculate the density
in Q1.
6 Volume = length x width x height
Height = volume / (length x width)
Length x width = (2.95 105) (3.7 104) = 1.09 1010 m2 (top surface)
Height = 3.27 1012 m3/1.09 1010 = 300 m
Height visible above sea level = 300 / 9 = 33.3 m.
If there is time, this activity could be followed with research into the feasibility of using icebergs to
supply fresh water in areas of drought. The websites
http://www.freedrinkingwater.com/water_quality/quality1/13-08-icebergs-for-drinking-water.htm and
http://oceanexplorer.noaa.gov/edu/learning/player/lesson12/l12la1.html provide some examples of
problems and risks associated with this. Students could use what they find to report briefly on
whether the use of icebergs in this way is realistic now or in the future.
Resources (per student): Activity Sheet 2.

The effects of extreme cold

Exploring Science link: 8B
This is an activity in note-taking and the ordering of notes, such as in a table. It could be carried out
after completing topic 8Bc in the Exploring Science course, in relation to the effects of cold on the
circulatory system, or after 8Bd to cover the effects of cold on the breathing system as well.
Ask students to think about what information they would need to answer the question 'What effects
does extreme cold have on body systems?' They should be encouraged to set up a table to organise
any information that they find. For example, a suitable table could have the headings System, Organ,
Effect of cold on organ and Reason for effect.
They should then read through the Exploring Science Year 8 Student Book and the Antarctica
Student Booklet to find related information. Further details could be found on the internet, such as:
http://www.coolantarctica.com/Antarctica fact file/science/cold_hypothermia.htm - a good source of
information about the different stages of hypothermia
http://www.snowbikers.com/articles/cold_air.html - covers the effects of cold on breathing.
Students could use their notes to produce an illustrated poster that answers the initial question.
Alternatively, they could consider how the effects of extreme cold might affect the treatment of
someone injured in an accident. Further information can be found on
http://www.thecoldestjourney.org/home/expedition/preparations/advanced-first-aid-training/
Students should compare the risks and benefits to both patient and first aider of treating the injury
where it happened or moving the patient to somewhere warmer.

Exploring Science Extra Teacher Guide
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Ozone destruction

Exploring Science link: 8F
This activity can be linked to work on compounds and CFCs in unit 8Fd. Students should write word
equations for the reactions given in the Student Booklet on the breakdown of ozone by CFCs. They
could then draw models of each of the molecules in their word equations in the style of those on
pages 86 or 93 in the Exploring Science Year 8 Student Book. More able students could be
challenged to write symbol equations for the reactions.
If there is time, students could use the graph of minimum atmospheric ozone in the Student Booklet
to decide whether the ban on the use of CFCs that was introduced in many parts of the world in 1989
is helping to repair the Antarctic ozone hole.

Wind chill

Exploring Science link: 8I
Activity Sheet 3 gives students the opportunity to plan an experiment on the effect of wind speed on
the rate of heat loss from a beaker of warm water. This experiment can then be considered as a
model for heat loss from the human body in different conditions. Some students may need support in
planning their experiments.
If there is time, and the plans are suitable, students should carry out their experiment and analyse
their data to produce a line graph to show rate of cooling at different wind speeds.
A suitable wind chill chart can be found on the internet at http://en.wikipedia.org/wiki/Wind_chill.
Safety note: Use water from a tap – the hot water should be no more than 50 °C to minimise the risk
of scalding. (There should be no need to use hotter water than this, since human body temperature is
around 37 °C.)
Resources (per student or group): Activity Sheet 3; beaker, warm water, thermometer or
temperature sensor and datalogging equipment, watch or clock. Students will suggest other
equipment including a mechanism for producing different 'wind speeds' e.g. a fan with several speed
settings. Plans may need adjusting to take account of available equipment before experiments are
carried out. An infrared thermometer that shows the decrease in temperature on an outside surface
could be demonstrated to students as a way of improving their plans. Suitable ones can be sourced
from Maplin (www.maplin.co.uk) or Nisbets (www.nisbets.co.uk). The latter may be able to offer an
educational discount.

Scurvy

Exploring Science link: 9B
Activity Sheet 4 contains information about scurvy and some of the many suggestions of its causes. It
can be difficult in hindsight to understand why, even though there was clear evidence of the link
between scurvy and fresh foods many centuries ago, people didn't fully understand that scurvy was a
deficiency disease until the 1930s.
This activity gives students the opportunity to consider how theories develop and change over time,
and the importance of reliable evidence in the development of theories. Students should use the
information in the sheet and from their own research to answer questions about the development of
ideas. Choose questions suitable for the ability of your students. For example, for lower ability
students, you could ask:
1 Why did some people think that citrus fruits prevented and cured scurvy? [Treatment with fresh
citrus fruits prevented or cured scurvy.]
2 Why did other people think that citrus fruits did not prevent or cure scurvy? [Treatment with citrus
juice failed to prevent or cure scurvy.]
3 What effect did these different ideas have on the way people tried to prevent scurvy? [People
were confused about what caused scurvy.]

Exploring Science Extra Teacher Guide
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Higher ability students could be asked:
4 Using one of the ideas about the cause of scurvy, suggest how the idea developed. [This answer
should refer to observation, such as observing that people who ate citrus fruits didn't develop
scurvy, and the correlation of factors, such as correlating citrus fruits with protection from scurvy.]
5 Suggest why one idea wasn't accepted by other people. Give as many reasons as you can. [This
answer should include reference to conflicting evidence, such as citrus fruits cured scurvy but
juice that had been extracted from citrus fruit and stored for some time didn't cure scurvy, as well
as changes in ideas over time about the causes of disease, such as discovering that many
diseases are caused by infection by microorganisms.]
6 Explain why it wasn't until vitamin C was isolated, and it was discovered that guinea pigs could be
used as a model for humans, that the theory that scurvy is a deficiency disease was proved.
[Experimentation on animals in laboratory conditions makes it easier to control other factors.
Using pure vitamin C, as opposed to citrus juice or other sources, makes it easier to control the
dose and so compare the effects of different sizes of dose. This leads to evidence that is
repeatable and reproducible.]
Resources (per student): Activity Sheet 4.

Vitamin C content

Exploring Science link: 9B
To support the activity above on scurvy, the practical work on Worksheet 9Bb(7) could be adjusted to
compare the amount of vitamin C in lemon or lime juice freshly squeezed from a fruit with juice that
has been in contact with air or with copper for some time, or heated as suggested in the worksheet.
This should show that the vitamin C content of the juice decreases as a result of each treatment, and
can be used to explain why people were not always convinced about the use of citrus juices for
preventing scurvy.
Resources (per student): Worksheet 9Bb(7) How much vitamin C?, fresh lemon or lime and juice
squeezer, copper container such as a small pan.

Climate change models

Exploring Science link: 9G
This activity gives students an opportunity to extend the work on ice core samples and world
temperature estimates, by comparing evidence from different sources and using the comparison to
judge the reliability of information.

Using Figure B on page 86 of the Exploring Science Year 9 Student Book or a suitable graph from
the internet such as
http://en.wikipedia.org/wiki/File:Instrumental_Temperature_Record_%28NASA%29.svg, ask students
how the data for a graph of Earth temperature over the past few hundred years might have been
collected – they should suggest thermometers. Then show a longer-term graph of world temperature,
such as Figure B on page 88 (back to 250 000 years ago) or the top graph on
http://en.wikipedia.org/wiki/File:Vostok_Petit_data.svg (goes back to 400 000 years ago), and ask
how the data for that graph may have been collected. If students have covered the Focus topic on
pages 88–89 of the Student Book, they will be able to suggest the gas bubbles in ice cores or the
pollen grains in ancient sediments. Other possibilities include tree ring analysis and coral growth.
Explain that these ways of estimating temperature are known as proxies – they don't give direct
temperature measurements as a thermometer does.
Ask students to suggest advantages and disadvantages of using proxies. Then ask how scientists
might check/replicate the calculations of temperature from the data from measurements of a proxy.
They could follow this by looking at a graph that shows estimates from different sources, such as
http://www.antarctica.ac.uk/bas_research/science_briefings/icecorebriefing.php which includes the
direct measurements from Mauna Loa of recent temperatures, and measurements of deuterium (a
'heavy' form of hydrogen which will be deposited in water molecules in the ice) from a number of
Antarctic ice cores.
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Antarctica

Comparison of the two should suggest that the ice core data matches the thermometer data
sufficiently closely that we can feel reasonably confident that the proxy is reliable. This then means
that data from the proxies can be accepted as good evidence for temperature values before the time
that thermometers were available.
Students could also compare data from Greenland ice cores (such as on
http://www.antarctica.ac.uk/bas_research/science_briefings/icecorebriefing.php) with data from the
Antarctic ice cores to consider the evidence they suggest for global changes in temperature as well
as local effects.

An Antarctic Treaty

Exploring Science link: 9J
In this discussion activity, students consider the impact of science and ethics on decisions made by
society, in this case the development of an Antarctic Treaty. Students will need an understanding of
some of the resources found in the Antarctic, such as minerals and oil, fish and ice, as well as its
value for scientific study and the development of tourism. Some of this information can be found in
the Student Booklet. Further information, if needed, can be found on the internet, such as at
http://en.wikipedia.org/wiki/Antarctica and http://www.antarctica.org.nz/06-human_impact/index.html.

Students will also need to know that although seven countries have staked claims over parts of
Antarctica, which could give them rights to use resources in that area, there is no internationally
recognised ownership of any part of Antarctica. Further information about these claims can be found
at http://www.discoveringantarctica.org.uk/9_claims.php. An international treaty that came into force
in 1961, and has been supported by further agreements on particular issues, now controls most
human activity in Antarctica.
Divide the class into four groups – each group has responsibility for a different area of the Antarctic
landmass. Ask each group to come up with five good ideas to prevent Antarctica from long-term
damage while still allowing useful activities. These ideas should consider the impact from exploitation
of resources, scientific research and tourism. Each group should appoint a spokesperson to argue
their case and explain why they think their five points are the best.
Write all the ideas on the board and then encourage discussion on those that overlap. Seek
agreement between the groups for the rewording of these ideas, including reasons why one
particular wording might be better than another. When the wording has been agreed, give groups a
few more minutes to discuss each idea. Then take a vote on which ideas should be included in a
treaty on the use of Antarctica. Finally, ask each group to say whether they would be willing to sign
up to the treaty.
Students could then be shown a synopsis of the 14 articles of the real Antarctic Treaty, such as at
http://www.antarctica.ac.uk/about_antarctica/geopolitical/treaty/explained.php, and asked to compare
their treaty with the real one.
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Emperor penguins

Emperor penguins are one of only two penguin species that breed on the Antarctic mainland.
Choose one of the following sets of questions about Emperor penguins, and carry out internet
research to find the answers. Before you start your research, think carefully about what information
you will need to record so that you can answer the questions. Skills Sheet SS59 Taking notes from
science writing may help you with this.

A Penguin life cycle
1

Draw the life cycle of an Emperor penguin. Include as much detail as you can, such as the
forming of mating pairs, the length of time of each part of the cycle and the role of each parent
penguin.

2

Compare your penguin life cycle with the life cycle of a human. Identify any similarities and any
differences.

B Penguin adaptations
3

Identify as many differences in body structure as you can between an Emperor penguin and an
'average' flying bird, such as a blackbird.

4

Penguins spend most of their time at sea, only coming on to land to breed. Use your list of
differences to explain how penguins are adapted to their habitat.

5

Male Emperor penguins remain on land during the Antarctic winter, during which time the Sun
doesn't rise for two months, temperatures fall as low as –60 °C and gale force winds may blow.
Describe adaptations of the penguin's body, and of its behaviour, which help it to survive these
conditions.

6

Most birds breed during the summer, so that their chicks hatch when there is plenty of food
available. Describe as fully as you can the advantages of winter breeding for Emperor penguins.
(Hint: think not only about the life cycle, but also about predators and the effect of changing
conditions through the year on the how far the ice extends over the sea.)

C Classifying penguins
7

Identify as many similarities in body structure and behaviour as you can between an Emperor
penguin and an 'average' flying bird such as a blackbird.

8

Use your list of similarities to explain why penguins are classified as birds.
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Iceberg data

The density of an object can be calculated using this equation:
mass
density =
volume
1

An iceberg has an estimated mass of 4000 tonnes and an estimated
volume of 4362 m3. Calculate the density of ice in units of kg/m3.

2

The density of sea water is about 102.5 kg/m3. Use your answer to Question 1 to explain why
icebergs float in sea water.

3

The density of fresh water is about 999.8 kg/m3. Would a small iceberg float in a very large river?
Explain your answer.

1 tonne = 1000 kg

Icebergs are produced when large amounts of ice either break off from the end of a glacier or from
large areas of sea ice. In both cases they are mostly fresh water, formed from many layers of snow.
Some people have suggested that icebergs could be used as a source of fresh water in areas where
there is drought.
4

Calculate the volume of fresh water that would be produced if the iceberg in Question 1 melted.

Iceberg B-15 was the largest recent iceberg in the South Atlantic. It broke off the Ross Ice Shelf.
Satellite measurements in 2000 showed that its top surface measured 295 37 km. Its mass at the
time was estimated at around 3 trillion tonnes (3 million million tonnes).
5

Calculate the volume of Iceberg B-15 at the time of measurement in m3, assuming that the
iceberg is a regular cuboid. (You may find this easier to calculate in standard form.)

6

Use your answer to Question 5 to calculate the height of ice visible above sea level. Show your
working.
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Wind chill

Scientific research in Antarctica led to the development of wind chill factors. These factors show how
wind speed alters the temperature that humans feel. At first, wind chill factors were developed to help
people in very cold places judge the risk of getting frostbite. They have since been improved and now
you will hear wind chill factors mentioned in everyday weather forecasts, when it is cold.
You will plan an experiment to model heat loss from the human body in different wind speeds. You
will use a beaker of warm water as a model for the human body. In your plan you will need to
consider:
how you will generate different wind speeds that can be maintained and controlled over the time
of each experiment
how long you will continue an experiment at a particular wind speed and how often you will take
measurements (if there is time, a trial run will help you decide the best times for your main
experiments)
whether to measure temperature on the surface of the beaker or of the water inside the beaker
(think about what you are trying to model)
what other variables will need to be controlled and how you can control them
what safety issues may need to be considered and how to control any risks.
When you have completed your plan, ask your teacher to check it.

If there is time, you may be able to carry out your investigation. Use your results to answer the
following questions.

Considering your results/conclusions
1

Draw a suitable graph or chart to display your results.

2

Describe the pattern of your results.

3

Suggest a reason for the pattern in your results.

4

Compare your results with a chart of how the wind chill factor relates to air temperature and wind
speed. Do your results indicate similar effects of wind speed on the wind chill temperature?

5

Explain why a knowledge of wind chill would be important when working outside in very cold
regions.

6

Describe how the experimental set-up was:
(a) a good model of heat loss from a human body at different wind speeds
(b) not a good model of heat loss from a human body.

7

Suggest ways in which your method could be improved to get better results.
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Scurvy

Scurvy is a disease that produces symptoms of tiredness, weakness, bleeding gums and weeping
spots on the skin of the legs. Unless it is treated, the disease leads to loss of teeth, open wounds on
the skin, fever and eventually death. Most animals do not suffer from scurvy. It is a disease found
only in humans, apes, monkeys and a few other species such as guinea pigs.
The disease is rarely seen today but it used to be common in people who did not have access to
fresh food for long periods, such as sailors on long sea journeys and soldiers at war. An estimated 2
million sailors died of the disease between 1500 and 1700. Members of Robert Falcon Scott's
expeditions to Antarctica in 1901–04 and 1910–12 suffered from the disease. In 1912 scurvy
contributed to the death of Scott's team members after they reached the South Pole.
There have been many theories about how to treat scurvy, some based on very little evidence and
many affected by changing ideas on the cause of disease. Nobody could be certain whether scurvy
was caused by too much or too little of something, or by infection. Many treatments for scurvy have
been suggested over the centuries, including eating citrus fruits (such as lemons or limes) or fresh
meat (particularly horse meat), drinking clean water, or not eating food cooked in copper pans.
As a result of the confusion, although experiments were carried out to test various ideas even in the
1700s, the true cause of scurvy and its cure were not discovered until the 1930s.
Here are some facts and ideas about scurvy. Use these facts and information from your own
research to answer the questions that your teacher gives you.
Although Vasco de Gama was aware that citrus fruit could cure scurvy, many of his crew in 1499
died from the disease as they did not have enough fresh fruit and meat.
1753 James Lind, a surgeon in the Royal Navy, thought that scurvy was caused by moist air.
However, he carried out experiments that proved citrus fruit could cure scurvy. The Navy did not
take up this idea until the 1790s, when sailors were given fresh lemons in their diet. This led
quickly to an improvement in the health of the sailors.
1768–71 James Cook circumnavigated the world and lost none of his sailors to scurvy. The
sailors had a diet of sauerkraut (pickled cabbage) and wort (a drink from malted barley), which
Cook thought was the cure. However, the ships also frequently took on board fresh food in the
form of wild vegetables. (We now know that the sauerkraut and wort would not have protected
against scurvy.)
1801 Dominique-Jean Larrey, chief surgeon in Napoleon's army, noted that French soldiers who
ate fresh horse meat but not fresh fruit did not develop scurvy.
In the mid-1800s, the sailors of the Royal and Merchant navies were given a daily ration of lime
juice. This failed to prevent scurvy. (We now know that vitamin C is broken down when exposed
to air, heat and to metals such as copper.)
When scientists started to understand that microorganisms were the cause of many diseases (in
the late 1800s), some people suggested that scurvy was caused by a waste product of bacteria,
which could increase in tinned meat.
Experiments in 1907 showed that pigeons fed on a diet of grains and flour did not develop scurvy
but guinea pigs did. This led to many experiments on guinea pigs that eventually showed that
lack of vitamin C is the cause of scurvy.
Proof that vitamin C cured scurvy was found in the early 1930s, when purified vitamin C was used
to treat the disease.
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Taking notes from science writing

When you are reading about science and gathering information, such as for writing a report, it is a
good idea to take notes. Good notes can help you:
• organise the information you find
• make sure you have covered all the important points
• focus on the key points and ignore unnecessary detail.
Using your own notes will also help you write a report in your own words. This is much better than
copying someone else's words as it shows how well you understand what you are writing about.

Skimming and scanning
The first time you read a text, skim through it quickly. Look for:
• main ideas – these may be shown by headings
• key words – what the text is really about
• how the text is structured – from simple to more complex ideas, from old to new (different
authors use different approaches in different kinds of writing).
Then scan through the text more slowly to look for any specific information that you need. While you
are reading, keep in mind what information you are looking for. If your text is printed out, you may be
able to highlight anything useful using coloured pens or pencils.

Making organised notes
When you are scanning, take notes of important ideas that will be useful for your writing. Organising
your notes as you make them will help you later. Here are a few ways to organise your notes.

Timeline
If your information needs to be organised chronologically, use a timeline to note key points.
Explain how advances
in technology have
helped scientists to
understand how cells
work.

1590
first light
microscope

1665
Robert Hooke
sees plant
cells with
microscope

1833
Robert Brown
sees nucleus
in cells

Table
If you need to organise your notes into a few categories, then a table might be more useful.
Describe advantages
and disadvantages of
friction in cars.

Advantages

Disadvantages

brakes – allows car to slow down

car working parts – causes overheating

between road and types – allows car to grip

brake pads, tyres, engine parts – wears

the road

things away
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Taking notes from science writing

Lists with headings
If you have a lot of information that can be grouped into several categories, a list with headings can
be useful. This makes writing a report easier because you already have the headings for your report.
Environmental conditions

Describe how
environmental
conditions differ in
woodlands, deserts and
the Arctic.

1

2

Woodlands
temperature – quite steady
water – lots
Deserts
temperature – extreme between night and day

Concept maps
If the information cannot be organised easily, then a concept map can be the most useful way of
recording notes. This makes it easier to add new groups of notes to those that you have already
recorded.
Concept maps can easily get cluttered, so start with a clean sheet of A4 and write the title for your
report in the middle.
• Add ideas as branches to the map.
• Try to group similar ideas and link them with lines or arrows.
• Use just one or a few words for each note, to keep the map as tidy as possible.
• Highlight the most important idea in each group – these can make good headings for your writing.

Explain how we can
tell when a reaction
has happened.

gas
produced
fizzing

gets
hotter

energy
change

reactions cause
changes

example:
acid + metal

colour
change

gets
colder

I CAN...

• take notes • structure my notes
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