N4 Science:
Fragile Earth
Energy continued

[image: http://2.bp.blogspot.com/-ilUFAmc8mJ4/UEULWgQZUMI/AAAAAAAAWmI/ZRbzh26d7aY/s1600/offshore_wind_energy.jpg]
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Experiment 5.3 – Conduction
Heat travels through solids by conduction.
In conduction, the atoms vibrate more and more and bump into their neighbours.
This spreads the heat in the solid.
[image: A diagram showing energy transfer by conduction. The metal atoms inside the metal are being heated by a bunsen flame. The atoms are tightly packed together.]
[image: A diagram showing energy transfer by conduction. Here atoms are energised and vibration increases]
[image: A diagram showing energy transfer by conduction. Here vibration is spread through the material]
The experiment involves heat conducting along an object. You will use an IR thermometer to measure the temperature at the end of the object over a 4 minute period.
[image: http://tse3.mm.bing.net/th?id=OIP.Mbc748d7bb9314f3a25dbadfcda139612o0&pid=15.1]If we were in school, you could use ‘conductivity bars’ to measure the rate of heat movement from hot water through 4 metals:



Try to plan a way of recording your results.
This may involve a timer and a table to record the results.
Then consider how to present your results including graphs to present your data.
Write your plan here :





Questions
1. What is conduction?
2. Do all metals conduct at the same speed?
3. Conduction is the way heat travels through solids / liquids / gases.


[bookmark: _GoBack]
Experiment 5.4 – Convection
Convection is the way heat travels through fluids – liquids and gases.
This is because the atoms in liquids and gases can move about freely.
They will rise up and so convection usually means that heat travels up the way.
In the image below, the heat rises up, hits the ceiling and starts to circulate round the room.

[image: A diagram showing energy transfer by convection. The heat generated by the radiator circulates by hot air rising up and cooler air moving down.]
Convection in water A
In school we could show this experiment which uses a convection ring.
This video show you what would happen https://www.youtube.com/watch?v=G9lQDqh2Ce4
1. [image: http://www.schoolphysics.co.uk/age11-14/Heat%20energy/Transfer%20of%20heat%20energy/text/Convection_/images/4.png]Describe what happens.
2. Try to explain what happens.



Convection in air A
Using a smoke box, we can show convection through air.
[image: http://www.txcscopereview.com/wp-content/uploads/2013/01/CSCOPE-Convection-smoking-Raq-Experiment.jpg]
This is a good clip to show you convection in air https://www.youtube.com/watch?v=rJNrRwHq7hU

1. Describe what happens.
2. Try to explain what happens

[image: ]
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Research - Convection in air 
Try to research any one of the following scenarios about convection through air.
A - Bumpy Ride
[image: http://avstop.com/ac/fig5-11.jpg]

B – Gliding and Paragliding
[image: http://2.bp.blogspot.com/_CjKGpCbY0kU/SkoaDJ5lKrI/AAAAAAAABVQ/bKzWhaSKs0U/s320/glider.jpg][image: http://grade9physics2011.wikispaces.com/file/view/Parachutes-520x446.jpg/315066066/Parachutes-520x446.jpg]
Explain what they are doing and how convection currents are important.


Experiment 5.5 – Radiation
When you light a campfire, there are 3 ways in which it can heat you:
[image: http://4.bp.blogspot.com/-enq5pq2WoZk/Tj3_wVUgv3I/AAAAAAAAAEM/j4UTWM3fWb4/s1600/heat-transmittance-means.jpg]
Conduction would be through a metal rod along and into your hand. That is why you cannot uses a metal skewer too long when toasting marshmallows.
If you put your hands above a fire, convection currents push warm air up into your hands and they get heated.
You still feel heat though at the side. This is called radiation and there are no atoms or particles carrying the heat, just pure energy.	
Summary about heat movement:
	Type
	Particles involved?
	Comments

	Conduction
	Yes
	Solids

	Convection
	Yes
	Liquids and gases

	Radiation
	No
	Gases mainly





[bookmark: _Toc453144153]

[bookmark: _Toc453144154]Activity 6 – Energy Transfers to Electrical Energy
The most important energy changes in life seem to be those that change one type of energy into electrical energy. There are many ways to get useful energy: http://www.bbc.co.uk/schools/gcsebitesize/science/aqa_pre_2011/energy/mainselectricityrev1.shtml

· Solar power
· Biomass
· Hydro-electric power
· Nuclear
· Geothermal
	Type of Energy
	Energy Change

	Solar
	Heat/Light  electrical

	Biomass
	Chemical  electrical

	Hydro-electric
	Gravitational potential  electrical

	Nuclear
	Chemical  electrical

	Geothermal 
	Heat  electrical

	Bioethanol
	Chemical  electrical





Solar Cells
[image: http://thumbs.dreamstime.com/x/international-space-station-display-solar-panels-17963200.jpg]Solar cells are devices that convert light energy directly into electrical energy. You may have seen small solar cells in calculators. Larger arrays of solar cells are used to power road signs in remote areas, and even larger arrays are used to power satellites in orbit around Earth.The ISS electrical system uses solar cells to directly convert sunlight to electricity. 
Large numbers of cells are assembled in arrays to produce high power levels.
Solar Panels
Solar panels do not generate electricity, but rather they heat up water. They are often located on the roofs of buildings where they can receive heat energy from the sun. The diagram outlines how they work.
[image: cold water is pumped up to the solar panel, there it heats up and is transferred to a storage tank]
Advantages 
· Solar energy is a renewable energy resource and there are no fuel costs. No harmful polluting gases are produced.
Disadvantages 
· Solar cells are expensive and inefficient, so the cost of their electricity is high. 
· Solar panels may only produce very hot water in very sunny climates, and in cooler areas may need to be supplemented with a conventional boiler. 
· Although warm water can be produced even on cloudy days, neither solar cells nor solar panels work at night.


Fossil fuels
Fossil fuels for power stations
[image: Chemical energy stored in coal. This energy is transferred as heat and this energy is stored in water as steam. The energy in steam is transferred to movement in a turbine and to electrical energy in the turbine.]
Energy transfer for the generation of electricity from a fossil fuel
The fossil fuels are coal, oil and natural gas. They are fuels because they release heat energy when they are burned. They are fossil fuels because they were formed from the remains of living organisms millions of years ago.
About three-quarters of the electricity generated in the UK comes from power stations fuelled by fossil fuels. To the left is an energy transfer diagram for the generation of electricity from a fossil fuel such as coal.
Disadvantages of using fossil fuels
Fossil fuels are non-renewable energy resources. Their supply is limited and they will eventually run out. Fossil fuels do not renew themselves, while fuels such as wood can be renewed endlessly. 
Fossil fuels release carbon dioxide when they burn, which adds to the greenhouse effect and increases global warming. Of the three fossil fuels, for a given amount of energy released, coal produces the most carbon dioxide and natural gas produces the least.
Coal and oil release sulfur dioxide gas when they burn, which causes breathing problems for living creatures and contributes to acid rain.


Nuclear fuels
Uranium and plutonium
The main nuclear fuels are uranium and plutonium. These are radioactive metals. Nuclear fuels are not burnt to release energy. Instead, the fuels are involved in nuclear reactions in the nuclear reactor, which leads to heat being released.
[image: http://1.bp.blogspot.com/_Ut_uqL-S2oA/TKroEBZRKcI/AAAAAAAAADc/348o8qOf5Nw/s1600/cr3.gif] 
The rest of the process of generating electricity is then identical to the process using fossil fuels. The heat energy is used to boil water. The kinetic energy in the expanding steam spins turbines, which then drive generators to produce electricity.
Advantages 
Unlike fossil fuels, nuclear fuels do not produce carbon dioxide or sulfur dioxide. 
Disadvantages
Like fossil fuels, nuclear fuels are non-renewable energy resources. If there is an accident, large amounts of radioactive material could be released into the environment. In addition, nuclear waste remains radioactive and is hazardous to health for thousands of years. It must be stored safely.


Wind energy
You should be able to outline how electricity is generated using wind energy.
Big convection currents
The wind is produced as a result of giant convection currents in the Earth's atmosphere, which are driven by heat energy from the sun. This means that the kinetic energy in wind is a renewable energy resource: as long as the sun exists, the wind will too.
Wind turbines
[image: http://www.bbc.co.uk/staticarchive/91c34d6436bb47fd480a276a3b75e26d6ddae8a0.gif]
A wind turbine
Wind turbines have huge blades mounted on a tall tower. The blades are connected to a nacelle or housing that contains gears linked to a generator. As the wind blows, it transfers some of its kinetic energy to the blades, which turn and drive the generator. Several wind turbines may be grouped together in windy locations to form wind farms.
Advantages
Wind is a renewable energy resource and there are no fuel costs. No harmful polluting gases are produced. 
Disadvantages
Wind farms are noisy and may spoil the view for people living near them. The amount of electricity generated depends on the strength of the wind. If there is no wind, there is no electricity.


Water energy
You should be able to outline how electricity is generated using water.
Wave energy
The water in the sea rises and falls because of waves on the surface. Wave machines use the kinetic energy in this movement to drive electricity generators.
Tidal barrage
Huge amounts of water move in and out of river mouths each day because of the tides. A tidal barrage is a barrier built over a river estuary to make use of the kinetic energy in the moving water. 
[image: http://cdn.worldcolleges.info/sites/all/themes/news/images/science_tech/TidalBarrage1.jpg]
The barrage contains electricity generators, which are driven by the water rushing through tubes in the barrage.


Hydroelectric power (HEP)
Like tidal barrages, hydroelectric power stations use the kinetic energy in moving water. But the water comes from behind a dam built across a river valley. The water high up behind the dam contains gravitational potential energy. 

[image: http://www.bbc.co.uk/bitesize/standard/physics/images/hydroelectric_power_station.gif]
This is transferred to kinetic energy as the water rushes down through tubes inside the dam. The moving water drives electrical generators, which may be built inside the dam.
Advantages 
Water power in its various forms is a renewable energy resource and there are no fuel costs. No harmful polluting gases are produced. Tidal barrages and hydroelectric power stations are very reliable and can be turned on quickly.
Disadvantages
It has been difficult to scale up the designs for wave machines to produce large amounts of electricity. Tidal barrages destroy the habitat of estuary species, including wading birds. Hydroelectricity dams flood farmland and push people from their homes. The rotting vegetation underwater releases methane, which is a greenhouse gas.


Geothermal energy
You should be able to outline how electricity is generated from geothermal energy.
Volcanic areas
Several types of rock contain radioactive substances such as uranium. Radioactive decay of these substances releases heat energy, which warms up the rocks. In volcanic areas, the rocks may heat water so that it rises to the surface naturally as hot water and steam. Here the steam can be used to drive turbines and electricity generators. This type of geothermal power station exists in places such as Iceland, California and Italy.
Hot rocks
In some places, the rocks are hot, but no hot water or steam rises to the surface. In this situation, deep wells can be drilled down to the hot rocks and cold water pumped down. The water runs through fractures in the rocks and is heated up. It returns to the surface as hot water and steam, where its energy can be used to drive turbines and electricity generators. The diagram below shows how this works.
[image: cold water is pumped down and steam and water come up]
Resources compared
Power stations
Power stations fuelled by fossil fuels or nuclear fuels are reliable sources of energy. This means they can provide power whenever it is needed. However, their start-up times vary according to the type of fuel used. 
This list shows the type of fuel in order of start of time going from short to long.
· gas-fired station (shortest start-up time)
· oil-fired station
· coal-fired station
· nuclear power station (longest start-up time)
Nuclear power stations and coal-fired power stations usually provide 'base load' electricity - they are run all the time because they take the longest time to start up. Oil-fired and gas-fired power stations are often used to provide extra electricity at peak times, because they take the least time to start up.
The fuel for nuclear power stations is relatively cheap, but the power stations themselves are expensive to build. It is also very expensive to dismantle old nuclear power stations and to store their radioactive waste, which is a dangerous health hazard.
Renewable resources
Renewable resources of fuel do not cost anything, but the equipment used to generate the power may be expensive to build. Certain resources are reliable, including tidal barrages and hydroelectric power. Others are less reliable, including wind and solar energy.


Fracking – Yes or No?
Do some research on fracking.
[image: http://cdn.images.express.co.uk/img/dynamic/128/590x/secondary/Fracking-319052.jpg]
Try to decide if you are for or against fracking. Write a report on why you have made this decision.
Research 
You must investigate and compare one renewable and one non-renewable energy source.
For the two different sources you will investigate and compare their: 
· source/origin 
· production and/or extraction 
· use (as appropriate) 
· conflicts and benefits 

You should do your research to help solve the problems of this scenario:
[bookmark: _Toc453144155]Scenario 
You live in a small town on the coast. The nearest big city is about 75 miles away. Most people in your town work in agriculture and fishing, but the population is growing and communication with the outside world via internet and telephone is essential. 
At the moment, electricity is supplied via individual generators in people’s homes, which need diesel to be transported to the town by road. The generators are unreliable and break down often. 
The town also regularly runs out of fuel as the roads are unusable during the rainy season. Some of the wealthier homes have solar panels which provide a backup when the generator breaks down. 
The town council have decided to provide a central source of energy to bring power to the growing population. You are a member of the town council — what would be your two choices of energy for this town? You must recommend one renewable and one non-renewable type of energy.
Use the information available to help you reach a decision. 
[bookmark: _Toc453144156]Thinking through the problem 
The council need to consult the locals as some money will be required to fund the new system. 
At the first public meeting, a heated dispute breaks out among the residents. Here are some of the things they say: 
· What is energy anyway? 
· What can we do to save more energy? 
· We still need a reliable energy source! How can we generate energy cheaply? 
· Will the cheapest method be safe or environmentally friendly? 
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On the next page there are two columns to help you organise your information.











Renewable Energy Source
I have chosen:

The source of this type of energy is:

It is produced by:


It is used:




Non-Renewable Energy Source
I have chosen:

The source of this type of energy is:

It is produced by:


It is used:




Each source has advantages and disadvantages.
In your report, it is important that you clearly write about the good and bad in each type of energy.
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Heat Transfer

Read each bubble and determine if the phrase is describing heat transfer by convection,

radiation or conduction.

Colour the convection examples yellow, the radiation examples red and the conduction
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