The Earth’s Structure

The Earth is made up of four main layers:

1. Crust - relatively thin and rocky
2. Mantle - has the properties of a solid, but can flow very slowly
3. Outer core - made from liquid nickel and iron
4. Inner core - made from solid nickel and iron

The crust and outer part of the mantle make up a layer known as the lithosphere.
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Discussion
· When the Earth first formed, there was no water. Where did it come from?
· Why is the inner core solid?
· Iron and nickel are magnetic. Why is that important to us and to birds?

Questions
1. The distance from the surface of the Earth to the centre of the Earth is 6.50 x 106 m.

a. Write this distance in cm and km, giving your answers in standard form. (2)
b. Calculate the thickness of each layer of the Earth using the following, giving your answers in standard form. (8)

· The thickness of the crust is 0.97 % of the distance from the surface of the Earth to the centre of the Earth.
· The thickness of the inner core is 1/5th of the distance from the surface of the Earth to the centre of the Earth.
· The thickness of the outer core is 1.73 times greater than the thickness of the inner core.

2. The surface of the Earth is 71 % water. Fresh water accounts for 2.5 % of this value. Of all the fresh water on Earth, 30 % is groundwater, 69 % is found in glaciers and icecaps and 1 % is considered “the rest”. Out of this 1 %, 22 % is found in lakes and rivers. Calculate what percentage (%) of water on Earth is found in lakes and rivers, giving your answer in standard form. (3)


Plate Tectonics
In 1915, Alfred Wegener said that all the continents were once joined together in one supercontinent, called Pangaea, before drifting apart. His theory was called continental drift and he used three pieces of evidence to support it:

· The coastlines of some continents fit together like a jigsaw
· Similar rocks of the same age were found on different continents
· Similar plant and animal fossils were found on opposite sides of huge oceans

However, Wegener could not explain how the continents moved so his theory was not accepted by the scientists at the time.

In the 1960s, scientists were surveying the bottom of the Atlantic Ocean. The survey discovered patterns in the magnetic properties of the rocks making up the bottom of the ocean. 
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These patterns showed that new rock on the ocean floor was forming all the time. The new rock was spreading outwards in both directions from the middle, which gave the term “sea-floor spreading”. The theory to explain why this new rock was forming was based on movements of heat in the mantle called convection currents. 
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Radiation produced by radioactive substances in the Earth’s core provides the heat that causes the convection currents.


The “sea-floor spreading” explained why the continents had moved apart. This was the evidence to support Wegener’s Continental Drift Theory and led to the new theory of Plate Tectonics.

Plate tectonics is the theory that the crust is broken up into pieces called tectonic plates (8 major plates and a number of minor plates). These plates are continually moving due to convection currents in the mantle. The arrows in the diagram show the direction in which the plates move.


[image: https://bphw.wikispaces.com/file/view/6.gif/230512184/471x317/6.gif]




















Questions
1. The coastlines of which continents appear to fit together like a jigsaw? (2)
2. Give the three ways in which tectonic plates can move. (3)

Discussion
· Why do you think scientists didn’t originally believe Wegner’s theory of continental drift?
· If the continents are continually moving, what do you think could eventually happen in the future?
· A theory was put forward that said the continents are moving because the volume of the Earth is increasing. Why do you think this theory is not correct?


Tectonic Plate Boundaries

When plates move apart
When two tectonic plates move apart a gap is formed. Magma (molten rock) rises from the mantle to fill the gap, then cools and solidifies as it reaches the surface. The solidified magma is called igneous rock. The process repeats, making new rock at the boundary and the further from the boundary the rocks are the older they are. This is called a constructive plate boundary as new rock is formed. Earthquakes and volcanoes can happen at this plate boundary.
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When plates collide

Plates of equal density
When two plates collide, which are of equal density (e.g. two continental plates), then the rocks are folded and pushed up (deformed) to form mountains. Earthquakes may also occur but there will be volcanoes.[image: ]













Plates of different density
When two plates collide, that are not of equal density (an oceanic plate and continental plate), the crust is destroyed. The oceanic plate has a higher density than the continental plate which is the reason why the oceanic plate is forced down into the mantle (sinking under the continental plate). The rock heats up under great pressure and the oceanic plate melts forming magma. The magma rises through the crust and can be forced to the surface, forming a volcano. The magma, which is called lava when it reaches the Earth’s surface, then cools to form igneous rock. This is called a destructive plate boundary as the plate is destroyed. Earthquakes and volcanoes occur at this boundary.

· A = mantle (magma)
· B = volcano
· C = continental crust
· D =oceanic crust
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When plates move past each other
When the plates overcome friction, they move suddenly. This is called a conservative plate boundary as the plate is not being destroyed and no new plate is made. Earthquakes can occur at the boundary but not volcanoes.
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The location of earthquakes and active volcanoes are used to identify plate boundaries.
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The movement of the tectonic plates “drives” the rock cycle. This means it causes old rock to melt and new rock to be formed. The rock is recycled.

Discussion
· Why do you think some volcanoes are not found on a plate boundary?
· Why hasn’t the UK experienced a major earthquake?
· How do you think a tsunami (a huge tidal wave) is formed?


Questions
1. The diagram below shows two tectonic plate boundaries, A and B.

a. Describe what occurs at plate boundary A. (4)
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The two types of plate have the following densities

	Type of plate
	Density / g cm-3

	Continental
	2.7

	Oceanic
	3.0



b. State the increase in density of the oceanic plate as a fraction of the density of the continental plate. (1)
c. Describe and explain what occurs at plate boundary B. (3)

2. Most of the Mid-Atlantic Ridge is under water but forms land as a set of volcanic islands of varying size that run the length of the Atlantic Ocean. Iceland is one of these islands. Explain how Iceland was formed. (5)
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3. Explain why volcanoes do not occur at a conservative plate boundary. (2)
4. Explain why earthquakes and volcanoes occur mainly at tectonic plate boundaries. (1)
5. Summarise the theory of plate tectonics. (3)


The Atmosphere
Many scientists believe that the Earth’s early atmosphere was formed from gases released by volcanoes.

The two main gases released were carbon dioxide (CO2) and water vapour (H2O), as well as smaller amounts of other gases, such as methane (CH4) and ammonia (NH3). The original atmosphere contained no oxygen gas (O2).

The surface of the Earth cooled over millions of years and caused the water vapour in the atmosphere to condense (change from a gas to a liquid). The oceans and seas were formed due to the condensed water vapour. This happened quickly in terms of geological time, even though it took millions of years.
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The amount of carbon dioxide gas in the atmosphere has decreased since the original atmosphere. A number of different processes have caused the decrease:

· Carbon dioxide gas was removed and oxygen gas produced as green plants evolved and photosynthesized. Photosynthesis is the reason oxygen gas first appeared in the atmosphere.

· Carbon dioxide gas was trapped during the formation carbonate rocks, such as limestone and marble.

· Carbon dioxide was locked into fossil fuels, formed millions of years ago from the remains of simple marine organisms (crude oil and natural gas) and larger land plants (coal).

The ammonia broke apart (decomposed) when it reacted with oxygen. Nitrogen gas (N2) and hydrogen gas (H2) were formed as a result. The hydrogen gas escaped from the atmosphere but the nitrogen gas was not able to escape. 

These changes happened over billions of years and eventually lead to the composition of today’s atmosphere.


The change in the composition of the atmosphere over geological time
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The approximate composition of today’s atmosphere[image: http://www.ux1.eiu.edu/~cfjps/1400/FIG01_010.JPG]



· Nitrogen = 78 %
· Oxygen = 21 %
· Argon = 0.9 %
· Carbon dioxide 0.04 %
· All others (including neon) = 0.06 %





The air is a source of nitrogen, oxygen, argon and neon, making the air a raw material from which we obtain these gases. These gases can be separated by a process called fractional distillation because the gases have different boiling points.

Tests for the gases

· Oxygen – place a glowing splint in a test tube and the splint relights
· Carbon dioxide – bubble through limewater and the limewater turns milky


The composition of the atmosphere hasn’t changed for millions of years. The amount of carbon dioxide and oxygen in the atmosphere is controlled by the carbon cycle, which involves the following processes:

Photosynthesis
Photosynthesis happens in the leaves of green plants. Carbon dioxide is used up and oxygen is produced.

Combustion 
Combustion is the name of the chemical reaction that happens when a fuel is burnt. The combustion of fossil fuels (coal, natural gas and oil) uses up oxygen and produces carbon dioxide.

Respiration 
Respiration is the process that animals and plants use to get their energy from food. Respiration uses up oxygen and produces carbon dioxide.
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Discussion
· What is meant by “decomposers” and can you give any examples?
· What effect would decreasing the number of plants possibly have on the carbon cycle?



Questions
1. The table shows the gases given out by a volcano.
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a. Describe three differences between the gases given out by a volcano and the gases found in today’s atmosphere. (3)
b. Write the value for nitrogen as a percentage (%) of the value of carbon dioxide. (2)
c. Write the value of “others” as a fraction of the value of nitrogen. (1)
d. The percentage (%) of one gas is approximately 6.5 times greater than another. State the names of these gases. (1)

2. The table shows the boiling points of three gases that can be obtained from air. To separate the gases, air is compressed and cooled to become liquid air. The liquid air is then allowed to warm up slowly. 

	Gas
	Boiling point (oC)

	Argon
	-186

	Neon
	-246

	Nitrogen
	-196

	Oxygen
	-182



a. State the difference between the boiling points of neon and nitrogen. (1)
b. Place the gases in order of boiling point, starting with the highest. (2)
c. State, with a reason, which of the gases boils first when liquid air warms up. (2)

3. A group of scientists who had been studying the composition of inhaled and exhaled air produced these results.

	
	Percentage (%) composition

	Air
	Nitrogen
	Oxygen
	Carbon dioxide
	Other gases
	Water vapour

	Inhaled
	78
	21
	0.04
	0.92
	0.04

	Exhaled
	78
	15
	5
	0.92
	



a. Calculate the percentage (%) composition of water vapour in exhaled air. (2)
b. Calculate the percentage (%) decrease of oxygen in exhaled air, giving your answer to 1 decimal place. (2).
c. Describe an experiment that would show the difference in the percentage (%) composition of carbon dioxide found in inhaled and exhaled air. You should include what is done and what is observed. (3)


4. The pie charts show the composition of the Earth’s atmosphere at 3000 million and 2000 million years ago.
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Describe how the percentages of carbon dioxide and oxygen have changed between 3000 million and 2000 million years ago. State and explain the reasons for these changes. (3)

5. [bookmark: _GoBack]Calculate the relative formula mass of the following gases. (7)
a. Carbon dioxide
b. Water
c. Methane
d. Ammonia
e. Oxygen
f. Nitrogen
g. Hydrogen

6. The table gives the approximate percentage of nitrogen in the Earth’s atmosphere at various times between its formation and the present day. One of the values is missing.

	Age of Earth (billion years)
	0
	1
	2
	3
	4
	4.5

	Percentage (%) of nitrogen
	5
	40
	
	75
	77
	78



a. Plot the age of the Earth against the percentage (%) of nitrogen in the Earth’s atmosphere and draw a suitable line. (5)
b. Use the graph to give the percentage (%) of nitrogen present in the Earth’s atmosphere when the Earth was 2 billion years old. (1)





Global Warming
Carbon dioxide is a greenhouse gas. A greenhouse gases traps some of the heat energy reflected by the Earth’s surface within our atmosphere (the greenhouse effect). The temperature of the Earth’s atmosphere has steadily increased since the last ice age due the greenhouse effect. The increasing temperature of the Earth’s atmosphere is called global warming.

Both the greenhouse effect and global warming are natural processes. 
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However, some scientists believe that the temperature of the Earth is increasing at an increased rate. This is called “enhanced global warming”.


Proposed reasons for “enhanced global warming”

Over the last 250 years, there has been an increase in the combustion of fossil fuels, which has resulted in carbon dioxide being produced at an increased rate.

Most scientists agree that it is this increased rate of production of carbon dioxide being released into the atmosphere that has resulted in “enhanced global warming”.
[image: http://www.clipartsfree.net/vector/small/13403-heavy-equipment-02-clipart.png]

Reasons for combusting more and more fossil fuels include an increase in the number of factories, an increase in the number of cars on the roads and an increase in the amount of electricity being generated. 

The process of deforestation (cutting down trees for fuel and to make space) has also contributed to the increased production of carbon dioxide. Less trees means that less photosynthesis can take place (which would remove carbon dioxide).

The effects of “enhanced global warming”[image: ]


· Drier and hotter summers, leading to more droughts in some areas
· Increased rainfall, leading to increased flooding in some areas
· Ice caps melting at an increased rate, leading to increased coastal flooding
· Glaciers melting at an increased rate, leading to increased flooding
· More intense weather systems, such as more intense hurricanes
· Loss of habitat for certain animals
· Climate change

Examples of how to reduce the amount of carbon dioxide being produced

1. Travel by public transport, walk, cycle or car share.

2. Use renewable energy resources to generate electricity instead of fossil fuels, such as solar panels, wind turbines or hydroelectric plants. 

3. Reduce deforestation or plant more trees.

4. Use carbon neutral fuels, such as wood.

5. Don’t leave lights on in rooms that are not needed and don’t leave electrical items on stand-by, such as televisions.

6. A process called carbon capture and storage is used in power stations.

Discussion
· Why do you think these example reduce the amount of carbon dioxide being produced?


Questions
1. The following graph shows how levels of carbon dioxide in the air have changed between 1750 and 2000. [image: ]













	

a. Compare the pattern of change shown in the graph before and after 1900. (2)
b. State the increase in carbon dioxide in the air (in parts per million) between 1800 and 2000. (1)
c. Calculate the percentage (%) increase in carbon dioxide in the air between 1910 and 2000. (2)

2. The percentage of carbon dioxide in the air is 0.04 %. State, giving a reason in each case, how you would expect the percentage of carbon dioxide to change in the following:

a. In a crowded classroom. (2)
b. In a greenhouse full of plants on a sunny day. (2)

3. Suggest why the concentration of carbon dioxide in the atmosphere may increase in the UK between the months of November and January. (2)

4. The graphs show the carbon dioxide emissions in the United States and China between 1950 and 2009.
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Use the data to compare the increase in carbon dioxide emissions in the United States and China between 1950 and 2009. (3)


5. The table shows some facts about some greenhouse gases found in the atmosphere.
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a. Calculate the missing values in the table. (3)
b. One possible solution to “enhanced global warming” is to reduce our carbon dioxide emissions by combusting less fossil fuels. Use the figures in the table to explain why this statement could be considered to be correct and incorrect. (2)

6. Graph A shows the percentage (%) of carbon dioxide in the Earth’s atmosphere between 1980 and 2005. Graph B shows the change in the average temperature of the Earth’s atmosphere between 1980 and 2005.
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a. State the increase in percentage (%) of carbon dioxide in the Earth’s atmosphere between 1980 and 2000. (2)
b. Calculate the percentage (%) increase of carbon dioxide in the Earth’s atmosphere between 1980 and 2005, giving your answer to 1 decimal place. (2)
c. Give the year when the Earth’s average temperature first reached 14.3 oC. (1)
d. Give the maximum increase of the Earth’s average temperature. (2)
e. Using the graphs, explain why some people think that combusting more fossil fuels is not linked to “enhanced global warming”. (2)


Acid Rain
Fossil fuels contain sulfur as an impurity. The combustion of these fuels forms the gas sulfur dioxide (SO2). The sulfur dioxide forms a solution of sulfuric acid when it reacts with water in the atmosphere and falls as acid rain. “Clean” rain is weakly acidic (pH 5.5) whereas acid rain is more acidic (pH 2 to pH 4). The generation of electricity in power stations, using fossil fuels, is the main source of sulfur dioxide.
[image: ]

The effects of acid rain

· Damages forests
· Damages crops
· Lakes become acidic so fish are killed
· Increases the speed at which metal objects, such as bridges, corrode
· Damages buildings made from calcium carbonate (limestone)

Nitrogen oxides are compounds which can also be produced when fossil fuels are combusted. These can also produce acid rain.

Examples of how to reduce the amount of acid rain being produced

1. Use a fossil fuel that contains less sulfur.

2. React the sulfur dioxide produced by power stations with limestone, which is an alkali.

3. Use a process called sulfur scrubbing. The process traps the sulfur dioxide gas, in waste gases from power stations.

Although sulfur dioxide emissions in Asia are predicted to continue to increase, the amount of sulfur dioxide the UK has emitted into the atmosphere has decreased over the last forty years. However, occasionally, there has been an increase. 

Discussion
· Why do you think these example reduce the amount of acid rain being produced?
· Why are sulfur dioxide emissions predicted to continue to increase in Asia?
· Why has there occasionally been an increase in sulfur dioxide emissions in the UK?



Questions
1. The graph below shows the total sulfur dioxide emissions in the UK between 1970 and 2012. International targets for sulfur dioxide levels are also shown.
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a. Use the information to give two conclusions that describe sulfur dioxide emissions in the UK between 2000 and 2012. (2)
b. Suggest and explain a possible reason for the trend shown in the graph. (2)
c. State the decrease in sulfur dioxide emissions (in millions of tonnes) between the years 1994 and 2004. (1)
d. Calculate the percentage (%) decrease in sulfur dioxide emissions (in millions of tonnes) between 1970 and 1995. (2)
e. The generation of electricity in power stations is the main source of sulfur dioxide. Suggest an explanation for the small peak in sulfur dioxide emission in 1979. (2)
f. Copy and balance the equation which shows a reaction that can lead to the formation of acid rain. (1)

___ SO2   +   ___ H2O   +   O2      ___ H2SO4

g. Calculate the percentage (%) by mass of oxygen in sulfuric acid, H2SO4, giving your answer to 1 decimal place. (2)

2. Fossil fuels, such as coal, can produce acid rain. Describe how this happens and its effects on the environment. (6)

3. 

3. The pie chart shows sources of sulfur dioxide in the UK.
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a. Calculate the percentage (%) of sulfur dioxide emissions from other industries. (1)
b. Write the value of iron and steel manufacture as a percentage (%) of the value of domestic and commercial. (1)
c. Write the value of domestic and commercial as a percentage (%) of the value of transport. (1)
d. Write the value of transport as a decimal of the value of iron and steel manufacture. (1)

4. The table shows sulfur dioxide emissions in the UK between 1950 and 2010.
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a. Calculate the percentage (%) increase in sulfur dioxide emissions from 1950 to 1980, giving your answer to 3 significant figures. (2)
b. The predicted percentage (%) decrease in sulfur dioxide emissions from 1980 to 2020 is 66 %. Calculate the predicted sulfur dioxide emissions for 2020 in ppm. (2)
c. Plot the sulfur dioxide emissions against the year and draw a suitable line. (5).
d. Describe how sulfur dioxide emissions changed between 1950 and 2010. (2)
e. The UK government introduced a regulation to reduce sulfur dioxide emissions in the 1980s. From your graph, state why it is difficult to decide exactly the year when the regulation came into force. (1)
f. Sulfur dioxide can be converted to sulfur and water by reacting it with hydrogen sulfide, H2S. Copy and balance the symbol equation for this equation. (1)

SO2   +   ____ H2S      ____ S   +   ____ H2O
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