
This chapter covers the following Achievement Aims of the Material World and Nature of 
Science strands.
Understanding
•  Alchemists and the beginning of experimentation; pure substances and mixtures; methods 

for separating mixtures.
Investigating
•  Researching some pure substances and mixtures; hands-on activities to separate mixtures 

using magnetic separation, distillation, chromatography; distinguishing between pure 
substances and mixtures.

Communicating
•  Explaining ideas about pure substances and mixtures; researching material and presenting 

it as paragraphs, diagrams, posters and concept maps.
Participating and contributing
•  Linking properties of substances to the way they are obtained and used in our society – 
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Filters with meshes of various sizes are used in 
many places.
• 

leaves, insects and other solids from the 
water.

• 
substances such as chlorine, iron and other 
contaminants from their water.

• 
dust, pollen, allergens, smoke and other 
particles from the air.

• 
you breathe.

•  Baleen whales, such as blue whales, use 

shrimp-like animals, from the water to feed on.

Filters cannot be used to separate salt from 
seawater because the salt is dissolved in the 

Evaporation
If a solution is made up of a solid dissolved in water, 
you can separate the dissolved solid and the liquid 
by heating. Heating causes the water to evaporate. 
The water turns from a liquid to a vapour, escaping 
into the air and leaving the solid behind.

To recover the water as well as the solid, you need 
to trap the water vapour and cool it so it condenses
into a liquid.

salt crystals

heat
Evaporating

Separating a mixture of salt and sand
To separate salt and sand, you add water to the mixture of sand and salt. Sand is insoluble 

solution goes 
through. To get the salt back, boil off most of the water in an evaporating basin and leave 
the last of the water to evaporate.

filter
funnel

evaporating
basin

salt
solution

filter
paper

water

stirring
rod

sand
and salt heat

salt crystals

Separating a mixture of salt and sand
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 Fossil fuels Ans. p. 301

Gathering and interpreting data
1. What are ‘fossil fuels’? Give two examples of fossil fuels.

2. Put the following in the order in which they formed:
 lignite  anthracite coal  bituminous coal  peat 

3. In what parts of New Zealand are there operating coalmines?

4. How long does it take to form natural gas and oil?

5. What once-living organisms is most oil made from?

6. Explain the difference between permeable rock and impermeable rock.

7. Explain what happens to the plankton/sediment layer as new layers of sediment are 
deposited on top of it during the formation of oil and natural gas.

8. Explain the importance of the layer of impermeable rock, and of tectonic 

Interpreting representations
9.

10. The pie graph shows how New Zealand 
used coal in 2015. Study the graph and 
answer the questions.

 a.  Which industry used the most coal?
 b.  Why do you think generating 

electricity used (comparatively) little 
coal?

 c.  Into which part of the graph would 
household coal-use fall?

d.  The Fonterra dairy co-operative 
is New Zealand’s second-largest 
coal user. Research and write a 
paragraph about how and why the 
dairy industry has been using so 
much coal.

Other
  5%

Electricity
18%

Steel
33%

Dairy
29%

Industry
15%

New Zealand coal use in 2015

Engaging with science
11. 

detail the advantages and disadvantages to:
• the local community
• the country as a whole

 • climate change globally.

with your class.
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Hydro energy
‘Hydro’ or hydroelectric energy uses the 
power of moving water to generate electricity. 
The water is stored in lake behind a dam 
(usually built across a river). When water 

through the dam, and as it falls gravitational 
potential energy is used to spin turbines 
inside the dam. The turbines are connected to 
generators that produce electricity; the water 

Almost 60% of New Zealand’s electricity 
comes from hydro energy.

It is always important that rivers used for hydro energy have a reliable supply of water. 
There are also environmental issues around the building of dams across major rivers.

Electric vehicles

combustion engine became popular. Electric vehicles are
powered by rechargeable batteries.

Advantages of electric vehicles are that there is a ready 
supply of electricity from the national grid; without 
an internal combustion engine, the electric 
vehicle is almost noiseless; there are no
emissions, so no pollutants.

The main disadvantage of electric vehicles is that the batteries need to be continually 

Though the vehicles do not produce emissions, the electricity the vehicles use might have 
been generated by a power station that uses fossil fuels and therefore produces air pollutants.

Hybrid electric/fossil-fuel powered engines have a small internal combustion engine that 
uses petrol or diesel, and an electric motor, so they need both a fuel tank and batteries. 
Either the electric motor or the internal combustion engine can power the car alone, or 
they can work together.

The number of plug-in vehicle options in New Zealand continues to increase from the 
25 types available in 2017.

 Clyde Dam Power Station

 Electric cars recharging
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Stonehenge
One of the world’s most famous monuments, the prehistoric stone circle known as 
Stonehenge remains shrouded in mystery. Many scientists believe that ancient 
astronomers may have used Stonehenge as a kind of solar calendar to track the movement 
of the Sun and Moon and mark the changing seasons.

 

Stonehenge, Wiltshire, England

A full-scale working adaptation of Stonehenge has been built here in Aotearoa, allowing 

Wairarapa, a short distance from Wellington.

 

Stonehenge, Wairarapa, New Zealand
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The Goldilocks zone
Why does Earth have so much liquid 
water? Earth is in a region called the 
Goldilocks Zone, or the habitable 
zone, which is the region that is just 
the right distance from the Sun for 
water to be found mostly as a liquid, 
rather than mostly as the ice or the 
water vapour that are found on 
other planets in the solar system.

Besides Earth lying within the 
habitable zone, it is a special planet 
for many other reasons …
(1) Earth is the only planet in our 

solar system where there are 
living creatures made of billions 
of cells of many different types 
working together. There may 
be life elsewhere, but it will 
probably only be simple life, 
such as single-celled organisms 
like bacteria. Astronomers are 
searching for Earth-like planets 
around other stars to determine 
whether some of these may 
have life similar to that on Earth.

Habitable zone

Too hot

‘Just right’

Too cold

Planet size 
1–2× that of 

Earth

(2) 
would be harmful to humans and other life forms. This radiation would also gradually 
change and thin the gases in our atmosphere. Billions of years ago such radiation 
removed water from the surface from Venus.

(3) Earth has an axis from the North Pole to the South Pole through its centre. Earth’s axis 
is tilted at 23.5°, which means that countries like New Zealand have seasons. As Earth 
travels around the Sun, the amount of sunlight reaching the Northern and Southern 
hemispheres varies; this variation forms the seasons.

 

North Pole

South Pole
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This chapter covers the following Achievement Aims of the Planet Earth and Beyond and 
Nature of Science strands.
Understanding
•  The different layers of the atmosphere and key features of the troposphere and stratosphere 

and why carbon dioxide is such an important gas.
Investigating
•  Researching the effects of global warming.
Communicating
•  Using illustrations and annotated diagrams to increase the understanding of complex ideas 

such as the greenhouse effect.
Participating and contributing
•  Exploring the interaction between the atmosphere and humans by studying air pollution, 

wind power and global warming.

Introduction
Earth’s atmosphere is a very 
thin layer of gases held 
in place by gravity. The 
atmosphere extends from 
one metre into the soil to 
more than 10 000 km high 
above the surface. Most 

50 km.

6 40
0

km

outer
core

inner
core

50 km

mantle

crust

atmosphere
Earth

The size of all our atmosphere 
if it was gathered up into a ball 
at sea-level density, compared 
with the size of Earth.
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What is wrong with global warming?
As more heat gets trapped, the surface of the Earth will become even warmer. This will 
mean that our climate will change and our weather will become more unpredictable. 
Extra warmth can mean:
• extra rain and storms which can damage the land by causing slips
• melting of glaciers and sea ice
• sea level rises
• it will be harder to produce food because food plants won’t grow where they used to
• animals like polar bears will lose their habitat and possibly become extinct because 

their environment will dramatically change.

(1) Heat and light 
radiation from the 
Sun pass through the 
atmosphere and warm 
the surface of Earth, 
including the oceans.

(2) The short-wave 
solar (or Sun’s) 
radiation changes 
into long-wave 
heat radiation that 
is given off, or 
radiated, from 
the Earth.

(3) Most of the heat given off by 
the Earth escapes into outer 
space, allowing the Earth to 
cool.

(4) Some heat is trapped by gases in the 
air (including CO2) which absorb and 
release the heat slowly over time, 
keeping the Earth warm enough to 
sustain life.

(5) Enhanced greenhouse effect
Increasing levels of CO2
increase the amount of 
heat retained, causing the 
atmosphere and Earth’s 
surface to heat up.

The greenhouse effect

We can see the effect of greenhouse gases by comparing Earth with Venus and Mars, the 
two planets nearest to us. Venus and Mars have either too much greenhouse effect or too 
little, so life is not found on either planet.
• Venus has an extremely dense atmosphere made up mainly of CO2.The CO2 causes an 

intense greenhouse effect, so the surface of Venus is very hot.
• Mars has almost no atmosphere, and the amount of CO2

warming of the surface, so the surface is consequently very cold. (Mars is also much 
further away from the Sun than is Earth or Venus.)
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Tectonic plates and New Zealand
The map shows the tectonic plate boundary running through New Zealand.

Austr

PPP

The Pacific plate 
is subducting 
under the
Australian plate

The Australian plate 
is subducting under 
the Pacific plate

The Australian and 
the Pacific plates
slide past each 
other forming the
Alpine Fault.

All of the North Island
is on the Australian
plate.

The South Island is on
both plates.

Nelson, Tasman and
the West Coast are on
the Pacific plate and
Marlborough,
Canterbury, Otago
and Southland are on
the Pacific plate.

The arrowheads
show the direction
of subduction.

Volcanoes in the Taupö volcanic zone

 

Whakaari/White Island

 

Ruapehu

These volcanoes form a long line from Whakaari/White Island to Mount Ruapehu. 
Volcanoes generally form when one tectonic plate moves under another by subduction. 

the east coast of the North Island. The North Island is on the Australian plate.

The following map shows volcanoes in the Taupö volcanic zone.
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Movement
Being able to move from place to place 
is an important part of the animal way 
of life. Animals have a wide range 
of different structures for movement, 
including arms, legs, wings, and tails.

Human
Humans have an endoskeleton – bones 
on the inside of the body and muscles 
between the bones and skin. Bones 
provide strong rigid structures for our 
muscles to pull against.

      

antagonistic
muscle pair

Our movement muscles work in pairs, called antagonistic 
pairs because they work against each other. A pair of 
antagonistic muscles in the upper leg attaches to tendons

below the knee joint. When moving, one muscle in the 
pair contracts and the other relaxes to bend the leg at the 
knee. The opposite muscle contracts to straighten the leg. 
Muscles work in antagonistic pairs because muscles can 
only contract to pull on a bone – muscles cannot push.
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The general equation for respiration

glucose + oxygen carbon dioxide + water + energy stored in ATP

Once energy is stored in ATP, that energy is available to other parts of the plant cell, 

pigments. The diagram shows movement of materials during photosynthesis and 
respiration in a plant cell.

mitochondrion
endoplasmic reticulum

chloroplast

carbon dioxide

glucose

sunlight

starch storage organ

water

oxygen

Plant cells carry out photosynthesis only in the light, but respiration takes place all the 
time. In darkness, stored glucose is used for respiration.

Respiration occurs at all times in living animal cells. Animal cells must be supplied with 
glucose so their mitochondria can produce ATP during respiration. ATP is then used by 
the other organelles as the energy source for activities relating to the function of the cell 
– e.g. making enzymes, mucus, or hair-colour pigment; for muscle contraction, sending 
nerve impulses, or sensing light.

 Photosynthesis and respiration Ans. p. 320

Using and critiquing evidence
1. What is similar and what is different about photosynthesis and respiration?

2. When do plant cells carry out photosynthesis and respiration?

3. Why is ATP an important chemical for living things?

4. Animal cells use glucose for respiration. Where does the glucose come from?

5. How does carbon dioxide get into a plant cell?
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Interpreting representations
6. The following diagram shows the processes of photosynthesis and cellular respiration.

mitochondrion

Cellular respiration

carbon dioxide and water
(low energy)

chloroplast

oxygen

ATP

sunlight

glucose and
oxygen

ATP

carbon dioxide
and water

Plant cell

Animal
cell

Photosynthesis

Cellular respiration

 a.  Describe the pathway for carbon dioxide between animals and plants.
 b.  Describe a possible pathway for carbon dioxide in plants carrying out both 

photosynthesis and respiration.
 c.  Describe the pathway for oxygen between plants and animals.
 d.  What is the energy source, shown on the diagram, that is involved in changing 

low-energy carbon dioxide and water into high-energy glucose?
 e.  Why is ATP important?
 f.  Where are the carbon dioxide and oxygen molecules when they are not inside 

plants and animals?
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 Growing Ans. p. 320

Using and critiquing evidence
1. What takes place in the apical meristem?

2. Explain how a plant gets taller.

3. What takes place in the vascular cambium?

4. Explain how a plant stem gets thicker.

5. Plants that have their apical meristem damaged can still grow taller – how do you 
think this occurs?

Interpreting representations
6. Many people in New Zealand are involved in

growing plants in market gardens, community gardens, 
school gardens, forestry, plant nurseries, parks and their 
own gardens.
The shape of 
New Zealand and 
its position on 
the globe means 
that the climate is 
very different from 
the north of the North Island to the south 
of Stewart Island.

Following is some information 
about vegetable growing in 
New Zealand.

Carrot

Region Month
Spring season Summer season Autumn season Winter season

Sept Oct Nov Dec Jan Feb Mar Apr May Jun July Aug

1
Sow Yes Yes Yes No No Yes Yes Yes No No No Yes
Harvest Yes

2
Sow Yes Yes Yes Yes Yes Yes Yes Yes No No No No
Harvest No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No

3
Sow Yes Yes Yes Yes Yes Yes No No No No No No
Harvest No Yes Yes Yes Yes Yes Yes Yes Yes No No No

Warm sub-tropical climateRegion 1

Region 2

Region 3

Warm temperate climate

Cooler temperate climate

C
hapter 16

 Y10 Science SG 2020 DS.indb   234 22/10/20   11:25 AM



260  Year 10 Science Study Guide – Living World

ISBN 978-0-947504-78-6 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.©

What are we doing about carbon?

Carbon footprint
A carbon footprint is a measure of the carbon dioxide 
emissions produced by an individual, an activity, or an organisation.

The carbon footprint for an individual is a measure of the amount of carbon 
dioxide produced by the day-to-day activities of that person. The primary
carbon footprint shows the emissions of carbon dioxide the person is 
directly responsible for, e.g. electricity use, use of cars, burning of coal. 
The secondary carbon footprint shows the carbon dioxide emissions that the 
individual is indirectly responsible for, e.g. emissions related to the transport of food from 
farm to shops, and the manufacturing of clothes and electronic goods.

15%

12%

10%

3%
6%5%4%

7%

9%

14%

3%

12% Home – gas oil and coal 15%
Home – electricity 12%
Private transport 10%
Public transport 3%
Holiday flights 6%
Food and drink 5%
Clothes and personal effects 4%
Car manufacture and delivery 7%
House – buildings and furnishings 9%
Recreation and leisure 14%
Financial services 3%
Share of public services 12%

Being aware of a carbon footprint helps people and organisations make changes to reduce 
carbon dioxide emissions. Some ways to reduce carbon footprints include the following.
• Driving and less often – drive only when you must; have car engines tuned 

and ensure correct tyre pressures. Car pool or use public transport. Drive an electric 
vehicle or ride an e-bike.

 

Electric car

 

e-bike

• Reducing energy consumption – insulate buildings, turn off electronic appliances, turn 
the water heater temperature down by 1 or 2 degrees.

• Reducing waste
• Planting trees – trees remove carbon dioxide from the atmosphere and store the 

carbon compounds in their wood.
• Purchasing local products

get them to New Zealand shops than local products need.
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Material World

CHAPTER 1

 Interpretation (page 4)
1. Alchemy.
2. Its writer was the famous 17th-century physicist, Sir Isaac Newton / the document was 

about alchemy.
3. It was for making ‘sophick mercury’, which was a substance thought to be able to turn 

lead into gold.
4. Lead and gold are elements, which cannot be broken down.
5. A compound can be broken down into parts that can be recombined to form another 

substance, but an element cannot be broken down.

 Differences between pure substances and mixtures (page 5)
1. A mixture is a substance that contains more than one pure element or compound, 

mixed together.
2. Air is a mixture of gases, mostly nitrogen and oxygen gases along with small amounts 

of other gases. The gases do not react to form new substances – they retain their own 
properties.

3. a.  Seawater is a mixture – it contains many different elements and compounds, 
including salt and gases dissolved in water.

 b. Magnesium is a pure substance – it is an element.
 c. Carbon dioxide gas is a pure substance – it is made up of one compound.
 d.  Marble is a pure substance – it is made of the compound calcium carbonate.
 e.  Wine is a mixture – it contains many different substances including alcohol and 

water.
4. a. Sugar is a pure substance – a compound with the formula C11H22O11.
 b.  Milk and butter are both mixtures, made up of water and milk solids; cocoa is a 

mixture of quite complex substances including caffeine and antioxidants.
5. Check your answer with your teacher.
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9. Substance Colour of Universal Indicator pH Description

Seawater Blue 8 Weak base

Lemon juice Orange 2 Quite strong acid

Battery acid Red 1 Strong acid

Blood Green 7.4 Almost neutral

Rainwater Yellow 6.3 Very weak acid

10. Mark’s indigestion was probably caused by excess stomach acidity. Since lemonade is 
a weak acid, drinking lemonade would not help reduce the acidity in his stomach; it 
would increase it.

11. a.  Yes it might. Baking soda is a base. Rinsing your mouth with a solution of baking 
soda will help to neutralise the acid formed by bacteria in your mouth. Since the 
acid causes dental cavities, neutralising the acid will help prevent cavities.

 b.  Yes it might. The baking soda solution would also neutralise excess acid in your 
stomach, relieving heartburn.

 Chemical properties of acids (page 48)
1. A neutralisation reaction occurs when an acid reacts with a base to form water. The 

pH of the solution becomes closer to 7. An example is sodium hydroxide reacting 
with hydrochloric acid to form sodium chloride, common salt.

2. Magnesium chloride.
3. Sulfuric acid and copper carbonate.
4. Carbon dioxide gas is produced.
5. Hydrogen gas is produced.
6. To neutralise acids formed by bacteria in your mouth during and after meals, and so to 

help prevent tooth decay.
7. When liquid is added to baking powder, the carbonate and acid in the baking powder 

react to form carbon dioxide gas, which gets trapped in the mixture, making the cake 
rise.

8. Missing words are:
 a. calcium chloride  b. nitric acid  c. zinc carbonate d. hydrochloric acid
9. a. Neutralisation reaction.

 b.  copper 
carbonate + sulfuric 

acid $
copper 
sulfate + water + carbon dioxide

 c. The solution turns blue / you see bubbles / gas given off / test tube gets hot.
10. Add nitric acid to sodium carbonate. The salt formed is sodium nitrate. You will also 

make water and carbon dioxide gas. The gas will bubble off during the reaction. When 

nitrate crystals.
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