N3 Physics
Electricity and Energy
Energy Transfer

[image: http://2.bp.blogspot.com/-ilUFAmc8mJ4/UEULWgQZUMI/AAAAAAAAWmI/ZRbzh26d7aY/s1600/offshore_wind_energy.jpg]
[bookmark: _Toc453144132]
Energy Introduction

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 

The work you do should research possible solutions for the use of the two energy sources.
Before you do your project, it is crucial that you know some scientific facts about renewable and non-renewable energy.




[bookmark: _Toc453144138]Types of energy
In this section, you are going to investigate energy types. You should record your results in a science investigation report.
The types we will investigate are:
· Potential
· Kinetic
· Chemical 
· Heat (sometimes written as thermal)
· Light (sometimes written as radiant)
· Electrical

You will then look at energy transfers between different types of energy.

[bookmark: _Toc379371172]

[bookmark: _Toc453144139]Activity 1 – What is Energy?

[bookmark: _Toc453144140]What is energy?
Energy is the capacity of a material or a living thing to do work. 
That material or living thing could be:
· A jet, carrying hundreds of passengers across the ocean. 
· A baby growing
· An explosive turning rocks to rubble
· Petrol in a car making it move
· A human shouting by forcing air from their lungs
[bookmark: _Toc453144141]What is energy measured in?

The units for energy are JOULES (J). You may see other units used such as ‘calories’ (food) and ‘units’ (energy companies) but these are not standard science units.
1 joule 	= 	0.24 calories found in food
		=	0.00000028 Units used at home
		= 	0.00094782 BTU (used by gas supply companies)
Questions
1. Can you give 3 examples of energy getting used in everyday life?

2. What is the unit for energy?

[bookmark: _Toc453144142]Activity 2 – Potential Energy 
[bookmark: _Toc453144143]What is potential energy?
[image: A man pulling back a catapult.]Potential energy is stored energy. Many scientists split this up into gravitational potential energy, chemical potential energy and elastic potential energy. In the image, the catapult has been stretched to show elastic potential energy. Once the rubber band is released the potential energy stored in the elastic band is changed into movement.
[image: Boulders balanced on top of rocks.]The next image shows gravitational potential energy as both boulders could fall and smash against the earth. If a storm came, the boulders could rock and fall.

[image: http://www.proprofs.com/flashcards/upload-images/large/maycd/35383.png]

Chemical potential energy is the energy trapped in the bonds in a fuel. If burned, this energy can be changed into heat and light energy.





Questions
1. What is potential energy?

2. Name the 3 types of potential energy.


3. Which of the following describes potential energy?
i. a ball on the ground

ii. A ball at the top of a set of stairs
[bookmark: _Toc453144144]







Activity 3 – Kinetic Energy
[bookmark: _Toc453144145]What is kinetic energy?
Kinetic means movement. When Usain Bolt hears the starter gun, he runs as fast as he can!
[image: http://tse1.mm.bing.net/th?&id=OIP.Mbec1629807203f7d75d572563db10470H0&w=300&h=198&c=0&pid=1.9&rs=0&p=0&r=0]
His current world record for the 100m is 9.58s (record as at 2016)
Calculation
What speed, in metres per second is Usain Bolt running at?
Speed		=	distance / time
		=	100m / 9.58s
		=	_______________ meters / second
Go  outside  and  mark out the distance he can run in 1s through to  5s. 
One large step equals approximately one metre. 
Now we will do a similar calculation for a car. If a car is moving at 30 miles per hour, this is the same as 48 km/h. Can you convert this to:
48 km/h		=	______ metres / hour
			=	48000 metres / 3600 seconds
			=	______ metres /second
In the corridor or outside  – mark out this distance.
Now – imagine these objects moving fast!
	Machine
	Speed km/h
	Speed m/s

	Train maximum UK
	200
	56

	Jet airliner cruising
	850
	240

	Space shuttle orbit
	28000
	7777



[image: https://upload.wikimedia.org/wikipedia/commons/f/fd/Stsheat.jpg]It is the space shuttle that really is interesting. It travels at 7777 metres per second. That is nearly 17000 miles per hour or 5 miles per second!
The picture on the left shows the heat generated by the shuttle as it re-enters earth!
All of these objects move very fast and have lots of kinetic energy.
[bookmark: _Toc379371178]Questions
1. What is kinetic energy?

2. Give 3 types of kinetic energy in action.


[bookmark: _Toc453144146]Changing Potential into Kinetic Energy
Energy can’t be made.
Energy can’t be destroyed.
Energy can be changed from one type to another.
Consider an archer with a bow and arrow:
[image: http://kerinapharr.files.wordpress.com/2012/03/ct-red-0323-hunger-games-katniss-20120322-001.jpg]
[image: https://whatwomenwrite.files.wordpress.com/2014/06/arrow-150966_1280.png]
Arrow landed.
No kinetic, elastic or gravitational energy.
Arrow in flight.
Lots of kinetic energy
Lots of gravitational potential energy
No elastic potential energy
Ready to be fired.
Lots of elastic potential energy, no kinetic energy




[image: https://whatwomenwrite.files.wordpress.com/2014/06/arrow-150966_1280.png][image: https://whatwomenwrite.files.wordpress.com/2014/06/arrow-150966_1280.png]

[bookmark: _Toc453144147]Activity 4 – Chemical Energy
[bookmark: _Toc453144148]What is chemical energy?
Chemical energy is a type of potential energy but it is so important that it gets a topic heading of its own.
Chemical energy is the energy trapped in the bonds of atoms and molecules in chemicals.
Good examples are:
· Food
· Fuel
 [image: http://tse3.mm.bing.net/th?id=OIP.M311f2e962059cc6827f51805f89f90a6o0&pid=15.1] [image: http://www.sciencelearn.org.nz/var/sciencelearn/storage/images/contexts/sporting_edge/sci_media/chemical_energy/14812-6-eng-NZ/chemical_energy_full_size_portrait.jpg]

Both food and fuel can be made to release their chemical energy into other types of more useful energy. This is shown by:
Chemical energy  kinetic energy
Chemical energy  heat energy


[bookmark: _Toc453144149]

Experiment 4.1 - Food for Chemical Energy

Burning food for energy results in this energy change:
Chemical energy  heat energy

[image: ]

In school, we would be able to do this experiment.
We would burn food samples   for 30s underneath a test tube or beaker of water. We would then record the highest temperature the water got to. This would tell us how much energy is in a food. 
This is a variation on how the number of calories (kcal) in food is calculated. 


Find three foods which give a person a lot of energy:

[image: ]

[image: ]

[image: ]





[bookmark: _Toc453144150]Experiment 4.2 - Fuel for Chemical Energy
Burning fuels for energy results in this energy change:
Chemical energy  heat energy
This is another experiment that we would do in school. This experiment lets you burn foods for 30s underneath a test tube or beaker of water. You measure the increase in temperature for each food and then could write a practical report. 
[image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/gatewaysci_04.gif]
Research five fuels that are used to generate heat
	Name of Fuel
	Solid, Liquid, or Gas
	How is it used? 
	Why is it used for this?

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	



[bookmark: _Toc453144151][bookmark: _Toc379371200]
Activity 5 – Heat Energy
[bookmark: _Toc453144152]Experiment 5.1 – Taking temperatures
Heat energy can be measured by taking the temperature change of an object. 
A thermometer is used although there are many different types.
[image: http://www.world-shop1.com/images/medical/digital%20thermometers%20ECT-1.jpg][image: http://www.allafrance.com/products/images/IMG_CATALOGUE/746-4.jpg][image: http://tse4.mm.bing.net/th?id=OIP.Mbf256c543bba1e779bea5d384703ad06o0&pid=15.1][image: http://www.pfmplus.co.uk/wp-content/uploads/2013/11/Mini-Ray-Temp-Infrared-Thermometer1.png]
Digital		Clinical		LCD 			IR
Which thermometer would be most suitable for measuring the temperature of:
	Object
	Thermometer

	Baby’s head
	

	Adult temperature
	

	Coffee in a mug
	

	Bunsen flame
	




Experiment 5.2 – Heat Transfer
In this experiment, you will investigate if the volume of water affects how quickly it can be boiled.
If we were at school, we might set up this experiment as shown the picture below. 3 beakers with different volumes of water will be required. Each will be heated by a Bunsen burner until it boils.
The time taken will be recorded.

[image: http://wps.pearsoned.com.au/wps/media/objects/3026/3099422/_images_/SA1_01-02-08.gif]








Think about:
· What can you use to measure the volume of water?

· If you don’t have a thermometer, how do you know the water is boiling?

· How will you time how long the water takes to boil?

· Is there anything else that you need to keep the same?

· What do you need to do to keep you and anyone else in the kitchen safe?





Results:
	Volume of water / cm3 
	Time to boil / s

	100
	120

	200
	150

	300
	220

	400
	480


Use the results in this table to complete the graph. What are the labels for each axis?



Is there a conclusion to be made?


If you were to do this experiment again, is there anything that you would do differently?










A graph showing ________________________________________________
[image: ]



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.





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









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
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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
examples orange.
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