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This booklet is for use in your Science lessons. Please look after it in the same way you would your exercise book and ensure that your presentation is always PROUD. 
Ensure that your booklet is returned to your class book box at the end of the lesson. 
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[bookmark: _Hlk117900224]Lesson 1: Teacher notes
AQA Content
Students should be able to describe how the energy of an object depends on its speed, temperature, height or whether it is stretched or compressed.
[bookmark: _Hlk117977163]We can describe how jobs get done using an energy model where energy is transferred from one store at the start to another store at the end.

Chunking
1. Defining energy and energy store
2. The stores of energy (thermal, chemical, Kinetic, gravitational potential, elastic)
3. How to increase and decrease the amount of energy in each store
4. How energy stores are not always useful – dissipation of energy


Key direct and explicit teacher explanations: 
1. Students are shown an image of a tired child saying “I’ve got no energy”
Do they really have no energy? – they do have energy – they are warm, they can move etc
Where do they get their energy from – the food they eat (energy is stored in the food)
The idea of “having no energy” is not scientific, students are given a definition of energy:
Energy is the ability to do work 	 
Work definition – when work is done, energy has been transferred from one energy store to another
1. Students are given a list of energy stores (Thermal, Chemical, Kinetic, Gravitational potential, Elastic).
Definitions of the different types of energy store:
Thermal Energy Store – filled when an object is hot
Chemical Energy Store – emptied during chemical reactions when energy is transferred to the surroundings
Gravitational Potential Energy Store – filled when an object is raised
Kinetic Energy Store – filled when an object is moving
Elastic Energy Store – filled when a material is stretched or compressed
Energy is an abstract concept. Examples should be used to make each more concrete. These can be straight forward and non-comparative basic forms. E.g. A moving car has a kinetic energy store. Comparative basic forms can also be used. E.g. comparing the kinetic energy store of a Bugatti and a bus at maximum speed.

Students are shown an image of a burger, be explicit that the burger contains energy and when we eat it our body transfers it into different sources (do not go into detail of the transfer or other sources in this lesson: see lesson 2)

3,2,1, show me – students are given each type of energy store and asked to give an example.
3,2,1, show me – students are given examples and asked to write down which energy store it is.

1. Give the students an analogy – a bank account with £50
It’s the student’s birthday and grandma gives them some money, they pay it into their account – they have a greater store of money.
The student goes to Meadowhall, they spend their birthday money and some more – they have a lesser store of money.
Link back to energy stores – how far will an elastic band travel if it is pulled back a little bit compared to when it is pulled back a lot?  This is because there is greater elastic energy in the fully stretched elastic band therefore it can do more “work” – i.e. travel further.
Again, examples should be used to ensure that the concepts become concrete. These will all be comparative basic
 forms as the magnitude of energy stores changes. 


4. “Would you rather have a £20 note or 2000 pennies?
They are both the same amount of money but it is more useful to have a £20 as the more is spread out into smaller amounts when it is in pennies.
Link back to energy stores – As a cup of tea gets colder, the amount of energy in it decreases – where does that energy go? – Into the air and surroundings; do we notice the air getting warmer – no, that is because the energy is now spread out and each particle in the air has only increased its energy by a tiny amount.


[bookmark: _Hlk120448786]Examples: A range of examples and non-examples are given to enable interpolation and limit extrapolation: 

Examples of each type of energy store:
Thermal – Cup of tea, human
Chemical – food, coal, petrol
Kinetic – moving car, runner, skydiver
Gravitational potential – rollercoaster at the top, climber, book on a shelf
Elastic – catapult, hairband, spring




Teacher notes (e.g. key questions, examples, non-examples, explanations)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



[bookmark: _Hlk121072556]Lesson 1: What is energy and how is it stored?
Skills Drill / Retrieval
	Answer
	PA / SA

	1
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Connect
In the Particles topic you were taught that particles move differently depending upon what state of matter they are in 
1. What are the 3 states of matter?
[bookmark: _Hlk117972203]Solid, Liquid and gas

1. Describe the movement of particles in a solid and in a gas
In a solid the particles vibrate in a fixed position whereas in a gas the particles move randomly and rapidly in all directions
1. In which state of matter do the particles have the most energy? Which type of energy do the particles have?

Particles in a gas have the most energy
They have kinetic energy. 




“I’ve got no energy”
[image: See the source image]

Give 2 examples of energy that the student does have:
1. Thermal Energy – the student’s body is warm
2. Movement Energy – the student is moving (e.g. breathing)

Where does the student get their energy from?
The student gets their energy from digesting the food they eat

A scientific definition of energy:

Energy is the ability to do work


What energy is stored in each of the examples?
1. Elastic Store
2. Chemical Store
3. Gravitational Potential Store
4. Kinetic Store
5. Thermal Store

Give an example of each type of energy store (not already used)
1. Thermal Store – Human, animal, pan of boiling water, gas
2. Chemical Store – coal, natural gas, food
3. Kinetic Store – skydiver, shark swimming
4. Gravitational Potential Store – Book on a shelf, skydiver at the door of a plane
5. Elastic Store – stretched bungee jumper, suspension springs on a car/bike

Is the amount of energy in a store constant?  Use an analogy to describe how the amount of energy in a store can change.
The amount of energy in a store can change.  
It can go up and down if energy is transferred into or out of the store.
This is similar to a bank account where the amount of money increases or decreases when deposits or withdrawals are made.
Using an elastic band as an example, describe the link between the amount of energy in a store and the amount of work it can do.
The greater an elastic band is stretched, the greater the amount of energy in the elastic store.
When the elastic band is released, the energy is transferred out of the elastic store.
The elastic band which contained the greater amount of energy in the elastic store will travel further than an elastic band that had less energy in its elastic store.


Describe what happens to the energy in a hot cup of tea as it cools down.
The hot cup of tea is a store of thermal energy.  When the tea cools down, the amount of energy in the thermal store decreases.  This thermal energy is transferred into the air/surroundings.  Because the air is made up of so many particles, the energy that has left the thermal store is spread out into the thermal stores of each of the particles.  The thermal energy store in each particle only increases by a very small amount. As a result of the energy being so spread out, it is not very useful.  We say that the energy has been dissipated.












Lesson 2: Teacher notes
AQA Content
Students should be able to describe how jobs get done using an energy model where energy is transferred from one store at the start to another store at the end.
Show how energy is transferred between energy stores in a range of real-life examples.

Chunking
1.  List the stores of energy and consider that energy stores can hold different amounts of energy.
2. Energy can be transferred between stores
3. Pathways by which energy can be transferred between stores
4. Efficiency

Key direct and explicit teacher explanations: 
1. Energy is the ability to do work. Scientists think of energy as being stored in objects. For example, energy can be stored in a
a. Thermal store
b. Kinetic store
c. Chemical store
d. Gravitational potential store
e. Elastic potential store
Judicious use should be made of real life examples. Use fading (I do, we do, you do) to ensure students can correctly identify stores in examples. This is an opportunity to use TLAC Show Me alongside secondary questioning techniques (e.g TLAC No Opt Out and Right is Right). 
Examples should include comparative basic form examples. E.g. Which car has the largest kinetic energy store? Which has the greatest gravitational potential store? 
2. Energy can not be created or destroyed. This means all of the energy in the Universe already exists. However, it can be moved from one store to another. For example…
Again, examples should be used. For example, a skydiver has a high gravitational potential energy store when they are flying in the plane (students should only consider vertical motion). This is transferred to a kinetic energy store when they jump from the plane. This example is in the comparative basic form (a store gets relatively smaller or larger).
3. Scientists say that the energy is transferred from one store to another along an energy pathway. 
There are four energy pathways: 
a. Mechanical work – this occurs when a force moves an object
b. Electrical work – when charge flows
c. Heating – when energy moves from hotter to colder regions
d. Radiation – when energy is transferred as a wave (e.g.light or sound).
More examples should be used here. The focus should be on the energy pathway. 
4. When energy is transferred from one store to another, some of the energy can be wasted. For example, when a ball bounces its kinetic energy store is transferred into the gravitational energy store. However, some of the kinetic energy store is transferred to the thermal store of the environment. We say that the energy is wasted. Usually, this means that it is dissipated into the environment and it spreads out. 








Examples: A range of examples and non-examples are given to enable interpolation and limit extrapolation: 

Examples of each type of energy transfer:
Mechanical work
[image: ]
	Electrical work
[image: ]

Heat Transfer
[image: ]
Radiation
[image: ]


Non-examples: 
Students need to be instructed that the idea of “types of energy” are a mixture of stores and transfers, and care must be taken by students and staff not to refer to these so as not to introduce any misconceptions (eg electrical energy).

[image: See the source image]

Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

[bookmark: _Hlk121072785]Lesson 2: How is energy transferred from one store to another?
Skills Drill / Retrieval
	Answer
	PA / SA
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Connect
In the last lesson, you were taught about energy stores
From the list below, correctly identify the energy stores
	Energy Store?
	Yes/No

	Electrical
	No

	Thermal
	Yes

	Light
	No

	Radiation
	No

	Kinetic
	Yes

	Chemical
	Yes

	Gravitational Potential
	Yes

	Plastic
	No

	Elastic
	Yes








Energy stores can contain different amounts of energy.  
[image: See the source image]		[image: See the source image]
Which of these contains the greatest amount of energy?
The burger has a greater store of energy than the salad

Which would you eat if you were trying to lose weight?
You would eat the salad because it contains less energy. Our bodies store excess energy as fat; reducing our energy intake will reduce our fat store. 

What does that tell you about which types of food have the greatest store of energy?
Foods that are high in fat and carbohydrate contain a large energy store.
What does that tell you about how the body transfers the chemical energy stored in food?
We transfer energy into many different stores just to stay alive; maintaining body temperature, moving around, digesting food etc.
Example: 
[image: See the source image]
What is the energy store in the coal?
Coal has a store of chemical energy

What store does the energy transfer into?
The energy is transferred into the thermal store in the air


The Big Question:
What pathway does the energy take when it transfers from one store to another?
Which energy transfer pathway links these energy stores?
1. Battery 		Electrical Pathway	  Buzzer
2. Person 		Mechanical Working	  Wind Up Toy
3. Light Bulb  	Heat Transfer		  Surroundings
4. Oven 		Radiation			  Roast Chicken

Which energy stores could be linked by these energy transfers?
1.Elastic Store	  Mechanical Working 	 Kinetic Store	(eg Wind Up Toy)
2. Chemical Store	  Electrical Working 	 Thermal Store	(eg Torch)
3. Thermal Store  Heat Transfer 		 Thermal Store	(eg Handwarmer)
4.Chemical Store  Radiation  			 Thermal Store	(eg The Sun)

There are many possible options for the above, be open to a range of answers

The diagram below leads into the concept of conservation of energy and efficiency and that a small amount of energy is dissipated as transfers between stores takes place (mentioned in Lesson 1)

What does this diagram show about the efficiency of the transfer of energy between stores?
The total in the bottle hardly goes down.  This means that the vast majority of the energy is transferred between stores – it is efficient.
Why can’t the skater keep going on for ever?
A small amount of energy does not get transferred between stores.  It is dissipated into the thermal energy store in the air.  This reduces the amount of energy in the “useful” store which keeps going down every time there is a transfer.


[image: docx, 189.63 KB]



Lesson 3: Teacher Notes
  AQA Content
Students should be able to describe how jobs get done using an energy model where energy is transferred from one store at the start to another at the end. 
When a force makes things change it mechanically transfers energy between different energy stores. 
Friction transfers energy mechanically into a heat store of energy.

Chunking
1. How energy is wasted and lost to the surroundings
2. Energy transfers that involve energy loss due to friction 
3. The dissipation of heat energy

Key direct and explicit teacher explanations:
1. Energy can be transferred from one energy store to another. For example, when a car moves its chemical energy store is transferred into a kinetic energy store. It is quite rare for all of the energy to transfer from one store to another. Often, some energy is transferred into energy stores that aren’t useful. For example, energy is transferred into the thermal energy store. 
Examples should be used to remind students about energy transfers. This is a good opportunity to use fading, mini whiteboards, and a range of TLAC techniques (e.g. Cold Call, No Opt Out, Right is Right).
2. When two surfaces move relative to each other they resist each other’s movement. For example, brake pads on a bike press against the rim of the wheel. The brake pad makes the wheel move more slowly. Scientists call this force friction. In this situation, some of the bike’s kinetic energy store is transferred to the environment’s thermal energy store. Friction can be both useful (e.g. in brakes on a vehicle) and unhelpful (e.g. in the engine of a vehicle). 
Examples should be used to show that energy transfers caused by friction result in transfer of heat. 
Examples of friction should be used to help students understand what it is; these can be simple examples (non-comparative basic forms). 
A key point is that energy transfers associated with friction usually cause a transfer to a thermal energy store; this is a correlation feature. 
3. When energy is wasted, it often goes into the environment and spreads out. Scientists say that the energy has dissipated. Once the energy has spread out it is hard to recover. 
Misconceptions include:
If students have difficulty in identifying the places where there is heating, it can be helpful to discuss the processes and mechanisms of how energy is transferred at these points. Giving students further examples to discuss in pairs or in small groups can encourage social construction of clearer descriptions and better understanding of heating through dialogue.




Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________







Lesson 3: Friction
Skills Drill/ Retrieval 



Lesson 4 
When energy is transferred, the total is conserved, but some energy is dissipated, reducing the useful energy.










Lesson 3: Friction
[bookmark: _Hlk121073110]Lesson 3: What energy transfers are related to friction?
Skills Drill/ Retrieval Practice
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect 
1. Friction is a force between two surfaces that are sliding, or trying to slide
2.  across each other. For example, when you try to push a book along the 
3. floor, friction makes this difficult. Friction always works in the 
4. direction opposite to the direction in which the object is moving or trying 
5. to move. Friction always slows a moving object down. The amount of 
6. friction depends on the materials from which the two surfaces are made. 
7. The rougher the surface, the more friction is produced. Friction also 
8. produces heat. If you rub your hands together quickly, you will feel them
9.  get warmer. 
10. Friction can be a useful force because it prevents our shoes slipping on the
11.  pavement when we walk and stops car tyres skidding on the road. 
12. When you walk, friction is caused between the tread on shoes and 
13. the ground. This friction acts to grip the ground and prevent sliding. 
14. Sometimes we want to reduce friction. For example, we use oil to 
15. reduce the friction between the moving parts inside a car engine. The oil holds the 
16. surfaces apart and can flow between them. The reduced friction means there is less 
17. wear on the cars parts and less heat is produced.
Complete the following questions:
1 When does friction occur? Friction occurs when two objects are touching and are moving relative to each other 
2 What does the amount of friction depend on? The friction depends on how rough or smooth the two surfaces are
3 What is produced by friction? Thermal energy
4 Is friction always a bad thing? No friction is not always a bad thing because it comes in useful in certain situations. (Examples: car tyres and the road, brake pads/ brake discs, shoes and the floor) 

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________________________________________

Q1.
The photograph shows two rubber tyres.
One is old and worn and the other is new.
          [image: A close-up of a tire

Description automatically generated with medium confidence] 
old tyre with                          new tyre with
worn tread                         deep tread


(a)     A car is moving along a road. What force between the tyres and the road makes the car stop?  Tick the correct box.
air resistance         [image: ]                  friction           X 
gravity                    [image: ]                  weight           [image: ] 
1 mark
(b)     The diagram and the table show the stopping distance of a car.
[image: Graphical user interface

Description automatically generated with medium confidence] 
[image: Shape

Description automatically generated with medium confidence] 
(i)      What happens to the stopping distance when a road gets wet?
It gets longer (Accept it gets more)
1 mark
(ii)     Why does the stopping distance change when a road gets wet?
any one from •    there is less friction or grip •    the road is slippery accept ‘water is a lubricant’
1 mark
(iii)     What happens to the stopping distance as tyres get old and worn?
It gets longer (Accept it gets more)
1 mark
(iv)    What is the safest type of road surface in the table?
Concrete
1 mark
Maximum 5 marks
   Explain what is happening in the image using the idea of friction.
[image: ]

In the image you can see a car with the brakes glowing hot. This is due to the friction  between the brake pads and the brake disc. Energy is getting transferred from the kinetic energy store to a thermal store due to friction. 
Explain why a car engine gets hot. Include a description of what happens to the heat energy produced.
[image: ]            [image: ]   
Mark scheme
· The parts of the engine move against each other.
· When they move against each other, some energy is transferred from the kinetic energy store
· To a thermal energy store
· This causes the engine to become hot
· The engines thermal energy store is transferred to the environment’s thermal energy store
· This is dissipation

  

  
Lesson 4: Teacher Notes
  AQA Content
Show how energy is transferred between energy stores in a range of real-life examples.
Calculate the useful energy and the amount dissipated, given values of input and output
energy.
Explain how energy is dissipated in a range of situations

Chunking
a. How total energy input = total energy output 
b. Calculation of energy input
c. Output stores in different situations


Key direct and explicit teacher explanations:
a. Energy is often transferred from one energy store to another. When this happens, the total quantity of energy before the transfer occurred is exactly the same as after it occurred; scientists say that it is conserved. We say that the amount of energy is conserved. This means that if energy is transferred out of a store, it must move into another store; it is never ‘lost’.
b. Energy from one store often transfers into several other stores at the same time. This means that if we know the amount of energy transferred into other stores, we can calculate the amount of energy we started with (input energy). To do this, we simply add up the energy in all of the stores after the transfer has happened. 
c. The total amount of energy is conserved. This allows us to calculate the amount of energy in an output store if we know the total energy input (how much energy we started with) and the amount in all but one output store. 
Misconceptions include:
In teaching energy the BEST resources have adopted a framework based on ‘energy stores’ and ‘energy pathways’ which is advocated by, amongst others, (Boohan, 2014), (Millar, 2014) and (Tracy, 2014). As Millar (2014) says, this approach “is not perfect - but it is adequate and significantly better than [approaches] based on lists of ‘forms of energy’.” A clear guide to this approach can be found on the Institute of Physics’ website (Institute of Physics).   
Millar (2014) reminds us that in any transfer, some energy almost inevitably ends up in a heat store of energy, even when this is not the aim. Identifying transfers of energy to the heat store will support understanding of the idea of conservation of energy.   





Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________






Lesson 3: Friction
Skills Drill/ Retrieval 



Lesson 4 
When energy is transferred, the total is conserved, but some energy is dissipated, reducing the useful energy.












[bookmark: _Hlk121073325]Lesson 4: How can we use big ideas to calculate quantities of energy?
Skills Drill/ Retrieval Practice
	Answer
	PA / SA

	1
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	6

	

	

	7

	

	

	8

	

	


Connect
Smartphones1
2
3
4
5
6
7
8
9
10


All smartphones contain a battery that stores chemical energy. When a smartphone is in use, electrical work is done and a current flows - the battery’s chemical energy is transferred in a number of ways to light the screen and produce sound.
The light that comes from a smartphone is emitted as light radiation, and the sound waves are produced by a speaker that vibrates back and forth.
In addition to this, many smartphones also heat up when used, so chemical energy is also transferred into internal energy. This energy is stored in the atoms of the smartphone’s conductors, and it is these atoms that emit infrared radiation
Complete the questions:
Identify the energy stores and energy pathways in a mobile phone using the following information.

Energy Store in a mobile phone is chemical energy store 
The energy pathway is electrically

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
_____________________________________________________________________________________________________________________________________________________________________________________________

	Fill in the gaps on the table

	Energy Produced
	Energy Pathway
	Useful Energy
	Not Useful Energy

	[image: A picture containing text, electronics, monitor, display

Description automatically generated]




	Electrically

	
	Internal Energy (Thermal)

	[image: The UK&#39;s fuel poverty crisis can, and must, be fixed | Phil Levermore | The  Guardian]
	Heating 
Radiation
	Internal Energy (Thermal)
	

	[image: 900+ Flashlight Clip Art | Royalty Free - GoGraph]
	Electrically 
	
	Internal Energy (Thermal)



   State the law of conservation of energy (include an example): 
The law of conservation of energy states energy cannot be destroyed or created it can only be transferred. Energy may change form but the total amount stays the same. 

	
100 Joules

	[image: http://www.sweetclipart.com/multisite/sweetclipart/files/domestic_light_bulb_lineart.png]
	85 Joules
15 Joules


	16 Joules

	[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRa_hc5B_CxIOBimYCFeiDQF_RxZbnla8wlvkDGhd9zAx02PYemTA]
	12 Joules
4 Joules


	3000 Joules

	[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcTJGg1yQ32ecGx9gz24HDdrRApulnM3k_FpmrG2B3IDstd4lrRV]
	2940 Joules
60 Joules 



	2500 Joules

	[image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTv5VnPG_uXa8RAq89-2cPr6e9fEyj1evSSzh3wvDUUhcgmi8oULw]
	2130 Joules
370 Joules


	

60 Joules
	[image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcQo9tJtcwNXea0wI7U1A32MZ7t9esrPQSqi3YiJ9P2DXTjbIGCw2w]
	15 Joules
45 Joules


	

500 Joules
	[image: http://images.clipartof.com/small/230146-Royalty-Free-RF-Clipart-Illustration-Of-A-Woman-Flat-Ironing-Her-Hair-Over-Purple.jpg]
	100 Joules
400 Joules


	5 Joules

	[image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcTXmpwViWj1XDs5Eec-0FConlzC3-XQcYMY0XoHEhmAB30EsaQv-g]
	3.6 Joules
1.4 Joules 


	5000 Joules

	[image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcTBTKqLa5i8DcmblKQBrDgm6SgHpsSY6k3G6CaTHBGNBC3cLMezMg]
	900 Joules
900 Joules

3200 Joules




 
 
 
 





 

 
 
 
 
 
 
 
 
 
 
  The electric kettle shown below is used to boil water.
[image: A close-up of a stethoscope

Description automatically generated] 
©leeser87/iStock
(a)     Why is the total energy input to the kettle higher than the energy used to heat the water?
Tick (✔) one box.
 
	 
	Tick (✔)

	Energy is absorbed from the surroundings.
	 

	Energy is used to heat the kettle.
	X 

	The kettle is more than 100% efficient.
	 



(b)     The drawing shows the energy transferred each second by a television [image: Diagram

Description automatically generated] 
(i)      Identify the missing energy and suggest suitable values for this energy efficient TV.
(3)


(c)
A student used an electric motor to lift a mass.
He investigated how the efficiency of the motor varied with the mass lifted.
The diagram below shows the apparatus used.
[image: Diagram

Description automatically generated] 
  Energy is transferred to the electric motor by the power supply.
Why is the energy transferred to the motor greater than the gravitational potential energy gained by the mass?
Tick (✓) two boxes.
 
	Energy is not conserved
	[image: ]

	Friction in the motor causes energy transfer to the surroundings
	[image: ]

	The temperature of the motor increases
	[image: ]

	Thermal energy from the surroundings is transferred to the mass
	[image: ]

	Wasted energy is destroyed
	[image: ]


(2)
Mark schemes
Q1.
(a)     Energy is used to heat the kettle.
1
(b)     Light 										      1
Heat										      1 
Sensible values – Light is greater than heat
& Values total 200J								      1

(c)  friction in the motor causes energy transfer to the surroundings
1
the temperature of the motor increases
1

[bookmark: _Hlk118051089]Lesson 5: Teacher notesKey direct and explicit teacher explanations: 
1. [bookmark: _Hlk120540320]Energy can be transferred between different stores via different pathways (review from lessons 1-2). 
For a given appliance, some energy transfers are useful (because they allow the appliance to carry out its function) and some are wasted (because they are not linked to the function of the appliance).
(Examples given below)
Use whiteboards (3, 2, 1 tasks) to identify examples of useful energy transfers and to identify non-examples (wasted energy transfers).

2. [bookmark: _Hlk120540204]The ‘efficiency’ of an appliance is a measure of the proportion of input energy that is usefully transferred.
A more efficient appliance will transfer more of its input energy into a useful energy output and less into a wasted energy output.
A less efficient appliance will transfer less of its input energy into a useful energy output and more into a wasted energy output.
(Example given below).

3. The efficiency of an appliance can be calculated using the equation given below:

Efficiency = Useful energy output ÷ Total energy input

To convert this value to a percentage, you can multiply your final answer by 100.
(I do, we do, you do examples given in the student booklet). 

USE EXAMPLES AND NON-EXAMPLES TO ILLUSTRATE THE DIFFERENCE. 
Identifying useful and wasted output energy:
1. [bookmark: _Hlk120537210]Image 1 shows the energy transfers of a toy train. The input energy is from the chemical store of the battery. This is transferred (by doing electrical work) to the kinetic store of the toy train and to the thermal store.
The useful output energy is kinetic, as this causes the train to move, which is the purpose of the toy.
The wasted energy output is thermal, as this does not contribute to moving the train, which is the purpose of the toy.

2. Image 2 shows the energy transfers of an electrical heater. 
Electrical work is done so that some energy is transferred to the thermal store and some energy is dissipated as sound waves. 
The useful energy output is thermal, as this allows the electrical heater to increase the temperature of the surroundings.
The wasted energy output is the dissipated sound waves, as the sound does not contribute to the purpose of the heater.
The total input energy is equal to the sum of the different energy outputs. This is due to conservation of energy (energy can neither be created or destroyed). 



Chunking
a. (Connect) Review the energy transfers and pathways for specific appliances (retrieval from lesson 1).
b. Define the term ‘efficiency’.
c. Calculate the efficiency of different appliances.

AQA Content
When energy is transferred, it can be a useful energy transfer or a wasted energy transfer. The efficiency of a device shows how good it is at transferring energy input to useful energy output.
When energy is transferred, the total is conserved, but some energy is dissipated, reducing the useful energy.

Students should be able to calculate the useful energy and the amount dissipated, given values of input and output energy. 
Students should be able to explain how energy is dissipated in a range of situations.



3. Image 3 shows the energy transfers of a tumble drier. 
Electrical work is done so that some energy is transferred into the thermal store of the tumble drier- this is a useful energy transfer as it allows the tumble drier to dry the clothes. 
Some energy is also transferred into the kinetic store of the tumble drier- this is a useful energy transfer as it allows the tumble drier to spin (move) the clothes, causing them to dry faster.
Some energy is dissipated to the environment as sound waves and heating. These are both wasted energy transfers as they do not contribute to drying the clothes, which is the purpose of the tumble drier.
The total input energy is equal to the sum of the different energy outputs. This is due to conservation of energy (energy can neither be created or destroyed). 

Energy efficiency:
Lightbulb A and lightbulb B both have useful and wasted energy outputs.
For both bulbs, the useful energy output is light as this enables the bulb to carry out its job / function.
For both bulbs, the wasted energy output is the thermal transfer as it does not help the bulb to carry out its job.
Bulb B is more efficient because a larger proportion / percentage of its input energy is transferred to a useful output energy (light).






Teacher notes (e.g. key questions, examples, non-examples, explanations)
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________









[bookmark: _Hlk121073824]Lesson 5: What does it mean if we say a device is efficient?
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	

	6

	

	

	7

	

	

	8

	

	



Connect	In Lessons 1 and 2, you studied examples of energy stores and transfers.
Q1. Which energy store increases when:
a. A phone battery is charging: Chemical store
b. An apple is falling to the ground: Kinetic store
c. A spring is being stretched: Elastic potential store

Q2. Describe the energy transfer that occurs when:
a. A bird dives from the sky towards the water to catch a fish:
Gravitational potential energy is transferred to the kinetic store.

b. When coal is burned:
Energy is transferred from the chemical store to the thermal store of the surroundings.

c. A battery-operated fan is turned on:
Energy is transferred from the chemical store to the kinetic store.
 1. For each of the examples given below, identify the useful energy output and the wasted energy output.

a. A mobile phone being charged:
[image: Graphical user interface, application, PowerPoint  Description automatically generated]
i. What is the useful energy output? Chemical store
Explanation: The purpose / job of the charger is to increase the charge of the battery.

ii. What is the wasted energy output? Thermal store
Explanation: Heating the phone does not help the phone charger to carry out its function / do its job.

b. A television:
[image: Graphical user interface, application, PowerPoint  Description automatically generated]
i. What is the useful energy output? Light and sound
Explanation: Light allows the image of the television to be seen, sound allows the sound from the television to be heard. These both help the television to carry out its function / job.

ii. What is the wasted energy output? Thermal energy
Explanation: Heating the television / surroundings does not help the television to carry out its function / do its job.

iii. How much energy is transferred as light? 500J
Explanation: 2000 – 1500 = 500J. 	The value of the input energy must be equal to the total value of the output energy (due to principle of conservation of energy)

Task 1:The drawings below show what happens to the energy supplied to four appliances.
[image: ][image: A picture containing pot  Description automatically generated][image: A picture containing night sky  Description automatically generated] 
[image: Shape  Description automatically generated with low confidence][image: A close-up of a light bulb  Description automatically generated with medium confidence][image: A picture containing night sky  Description automatically generated] 
[image: ][image: A close-up of a magnifying glass  Description automatically generated with medium confidence][image: Text  Description automatically generated with medium confidence] 
[image: ][image: A close-up of a pen  Description automatically generated with medium confidence][image: A picture containing night sky  Description automatically generated] 


(a)     (i)      What percentage of energy of the light bulb is given out as light?
Write your answer on the line by the light bulb.   5%
1 mark
(ii)     What percentage of energy is wasted by the mixer?
Write your answer in the box by the mixer.   60%
1 mark



(iii)     Complete the sentence below.
Parts of the mixer become hot because some of the electrical
energy is changed into thermal. energy which is wasted.
1 mark
(b)     Energy is wasted as sound in many appliances.
Which appliance in the drawings produces sound which is not wasted?
radio
(c)     In which of the appliances is the highest percentage of energy wasted?
Light bulb
1 mark
Maximum 5 marks



Calculating energy efficiency:
Efficiency = Useful energy output ÷ Total energy input

I do:
[image: Graphical user interface  Description automatically generated]

Useful energy output: 20J

Total energy input: 100J

Efficiency = 20 / 100 = 0.2








Efficiency = Useful energy output ÷ Total energy input
You do:

A radio has an energy input of 1000J. 850J is transferred to the thermal store of the radio and 150J is dissipated as sound waves.

Calculate the efficiency of the heater.

i. Useful energy output: 150J

ii. Total energy input: 1000J

iii. Efficiency =150 / 1000 = 0.15

iv. Convert to a percentage: 0.15 X 100 = 15%
1. A hairdryer has an energy input of 500J. 100J is transferred to the thermal store and 400J is dissipated to the surroundings as sound.
Calculate the efficiency of the hairdryer.
	100 / 500 = 0.2 
	0.2 X 100 = 20%

2. An electric fan has an energy input of 800J. 600J is transferred to the kinetic store, 100J is transferred to the thermal store and 100J is dissipated as sound.
Calculate the efficiency of the electric fan.
600 / 800 = 0.75
0.75 X 100 = 75%





Efficiency = Useful energy output ÷ Total energy input
We do:

An electrical heater has an energy input of 800J. 600J is transferred to the thermal store of the electrical heater and 200J is dissipated as sound waves.

Calculate the efficiency of the heater.

i. Useful energy output: 600J

ii. Total energy input: 800J

iii. Efficiency = 600 / 800 = 0.75

iv. Convert to a percentage: 0.75 X 100 = 75%

Task 2:

Task 3:Bulb A or bulb C because they have the highest efficiency rating, so a larger proportion of their input energy is converted to useful output energy.
25%
5%
25%
[image: Graphical user interface, application, Word  Description automatically generated]


Lesson 6: Bouncing Balls Key direct and explicit teacher explanations: 
The main explanation will relate to how to perform the experiment. 


Chunking
a. Efficiency
b. Demonstration of experiment
c. Experimental
d. Conclusion

Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



Lesson 6: Can the same object have different efficiencies?
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	

	6

	

	

	7

	

	

	8

	

	



Connecta. At the start of the experiment, the ball is held up in the air. Which energy stores will have energy in them?
________________________________________________________________________________________________________________________________________________________________

[image: Diagram

Description automatically generated]Gravitational potential energy store
b. When the ball is dropped, which energy stores might energy transfer into?
________________________________________________________________________________________________________________________________________________________________________________________________________________________
c. Some of the energy will transfer into the environment. Which of the environment’s energy stores might it transfer into?
________________________________________________________________________________________________________________________________________________________________________________________________________________________

	Kinetic energy store
Thermal energy store



Thermal energy store


Measuring the bounce height of a ping pong ball
You are going to drop a ping pong ball from different heights and measure the height to which it bounces.
You will need:
[image: Diagram

Description automatically generated]
Method
Set up the apparatus as shown in the diagram.
Hold the ball so that it is 20 cm above the bench (or floor), measured to the bottom of the ball.
Drop the ball and note the height to which it bounces, again measured to the bottom of the ball. (You may need to try this first to get an idea of the bounce height, so that you know where to look to read the metre rule at eye level.)
Repeat to get an average reading for the bounce height.
Repeat steps 4 and 5 at 20 cm intervals up to a drop height of 100 cm. 
Calculate the mean height lost for each drop height
Calculate the efficiency of each drop height. To do this, divide the bounce height by the drop height. 
Results
	drop height
(in cm)
	bounce height 1
(in cm)
	bounce height 2
(in cm)
	mean bounce height (in cm)
	Mean height lost (in cm)
	%
Efficiency

	20
	
	
	
	
	

	40
	
	
	
	
	

	60
	
	
	
	
	

	80
	
	
	
	
	

	100
	
	
	
	
	





Conclusion
Describe what you have found out from your results.
[bookmark: _Hlk120997547] ______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The diagram shows a ball at various stages after it is dropped from a height of 2 m.

[image: A picture containing text, device

Description automatically generated]


In what forms is this energy at B and C?
i	At B	________________________________________________________________Kinetic Energy
Elastic potential

ii     At C  ________________________________________________________________
What has happened to this ‘lost’ energy?
      ________________________________________________________________________Dissipated into the surroundings

Suggest what might happen if you extended the range of drop heights.
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
How does the efficiency of the bounce change as the drop height increases?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Teacher notes- Lesson 7 Key direct and explicit teacher explanations: 
Energy transfers can be represented with box and arrow diagrams that clearly show the different energy stores and the ways in which the energy is transferred. Sankey diagrams do not show the ways that energy is transferred, but they do show the relative amounts of energy transferred in different ways. 
Conservation of energy means that the amount of energy input into a system is the same as the amount of energy transferred out of the system.  Along different pathways into different stores of energy it should be identifiable to account for all the energy transferred out.  Even if some of the energy transferred is now in the form of wasted energy store it can be accounted for.  (According to the SoL:  even after teaching, very few students use ideas of the conservation of energy to explain their predictions about unfamiliar events. This question requires students to consider the dissipation of energy into heat stores and the conservation of energy to analyse events).
Show an example for a simple device such as a filament lightbulb:
Show the amount of energy going into a bulb 175Joules.  Discuss the different pathways in which energy will be transferred from the bulb.  If 25 Joules of energy are in the heat store, how much energy should have been transferred to light?  This could then lead on to discussions as to why the filament bulbs are no longer in production and swapped to the energy saving bulbs and now, we use LED bulbs.  
Draw the Sankey diagram for the old filament light bulb together under the visualiser.  Ensure the total width of the arrows doesn’t exceed the width of the start of the Sankey diagram.  Explain that the different widths of the output arrows represent the amount of energy for each transferred energy store.  If students have misunderstandings about relating the width of the arrow to the relative amount of energy that is transferred, then giving them examples to draw can be helpful.
If students have misunderstandings about selecting the Sankey diagram with the correct energy stores, it can be helpful to talk through a few examples in which, through class discussion, all the energy stores are identified. Students can then practise more examples, working in pairs or small groups, to help consolidate understanding through dialogue. 
For most students at this stage, drawing Sankey diagrams to scale is challenging and uses maths skills that are more advanced than they may have been taught in their maths lessons. It will probably be appropriate to use phrases such as ‘most of the energy’ or ‘a tiny bit of the energy’.
Key questions
What does the work input/ output mean?  
What does energy efficiency mean?  
If the output arrow for wasted energy is bigger than that of the useful energy transfer, what does that tell you about the efficiency of the device?


Chunking
1.  Recap energy transfers in systems and the term input and output 
2. Introduce what a Sankey diagram looks like and the different aspects of them
3. Model (We DO) drawing a Sankey diagram for an energy efficient and an energy inefficient system
KS3 NC PoS:
Students should be able to: 
Identify and calculate useful and wasted energies from a Sankey diagram
Represent energy transfers in events using Sankey Diagrams
Explain the differences between the Sankey diagrams for an efficient and an inefficient system
Energy transfers can be Sankey diagrams do not show the ways that energy is transferred, but they do show the relative amounts of energy transferred in different ways. Sankey diagrams are a pictorial way to represent different energy stores and the ways in which the energy is transferred.

Teacher notes
Skills drills questions from previous learning/ misconceptions that you want to check on?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Connect/ Key words and etymology of important keystone words if necessary?  How will you incorporate use of MWB
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Modelling notes to remember to address and questions for cold calling/ targeted questions?  
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Checking for understanding before ME TIME, how will you do this?  How could you use the MWB to check all of class?
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
ME Time.  Who needs some extra scaffolding and how will you do this?  Names of students to live mark in class.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Checking progress /Learning lockdown.  Have you achieved the aims of the lesson? How do you know? …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………


[bookmark: _Hlk121073907]Lesson 7: How do we use diagrams to show energy transfers?
Skills Drill / Retrieval[image: ]
An electric shaver is battery operated and the battery has a store of chemical energy.  This store of energy is transferred into a kinetic store of energy, a thermal store of energy and a store of sound energy.
  
                                                       [image: ]                                       [image: ]                            [image: ]
                   
Connect questions      
1.  What is the input store of energy and what is the output stores of energy?  Write these next to the lines on the diagram above.
2. Using the idea of conservation of energy if 247J of energy were supplied to the motor and 56J of energy transferred to the thermal store, 113J transferred to the kinetic store, how much energy would have transferred to the sound store of energy?
3. Which form of energy store that has been transferred from the chemical store is a wasted store of energy in this system?
4. What happens to the wasted form of energy?                                                                    

	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	


ConnectMotor

Modelling Progress
You can show energy transfers using Sankey diagrams.  These are diagrams that use different widths of arrows to show how energy in a system is transferred from one store to another.  The one below is for a lamp.

[image: Shape, arrow

Description automatically generated]The useful energy output is always shown as an arrow going forwards.   In this case, the useful energy output is light energy.  Again, the thickness of the arrow shows how much energy there is. You can tell that only a small amount of energy (10J) is transferred as light energy because the arrow is very thin.




[image: Shape, rectangle

Description automatically generated]
[image: Shape, rectangle

Description automatically generated]You can tell that most of the energy (90J) is wasted as thermal energy because this arrow is very thick. The wasted energy is shown as an arrow pointing downwards.   In this case, the wasted energy is heat (thermal) energy.

Because energy cannot be created or destroyed, the total amount of energy going into the lamp (100J) must be the same as the total amount being transferred out (10J + 90J). This is called conservation of energy.




· The thickness of the line shows the amount of energy 
· The useful form(s) of output energy usually points straight forward
· The wasted form output of energy usually points downwards
· The quantity of energy in each store can be written on each arrow or at the side of each arrow 
Questions (be prepared to share your answers with the class)
Q1.  What is meant by the term input energy and output energy?

Q2.  If the arrow representing the wasted energy store is wider than the useful form of energy store, what would that tell you about the efficiency of the appliance, such as the lamp in the Sankey diagram above?

Q3.  How could you use the idea of conservation of energy to calculate the input energy being supplied to the lamp?
WE DO  
[image: A picture containing background pattern

Description automatically generated]A bouncy ball has a gravitational potential energy store of 100 J of energy before it drops.  As it hits the ground 18J of energy is transferred into a thermal store and 2J of it as a store of sound energy.  The rest of the energy is stored as gravitational potential energy for the second bounce.  Draw a Sankey diagram for the bouncy ball’s first drop.  











Notes or questions you want to ask or need help with
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………




Draw Sankey diagrams for the following questions and label each diagram with the input energy store, the output energy store and the quantities of energy.

[image: A picture containing background pattern

Description automatically generated]Q1.  A projector has a total energy input of 100J. 60J is used as light energy. 40J is wasted as heat energy.  Draw a Sankey diagram to represent this energy transfer.  









[image: A picture containing background pattern

Description automatically generated]Q2. A phone has a total energy input of 100J. 60J is used as light energy. 20J is used as sound energy. How much energy is wasted as heat?  Draw a Sankey diagram and include the quantity and arrow for the wasted heat energy.
  









[image: A picture containing background pattern

Description automatically generated]Q3.  A television has a total energy input of 1000J. 500J is used as light energy. 250J is used as sound energy. The remaining is wasted. Draw a Sankey diagram and include a label and quantity for the wasted energy.  





















Q4. A person uses a stairlift to go upstairs. The stairlift is powered by an electric motor.
[image: Diagram

Description automatically generated] 
The Sankey diagram shows the energy transfers for the electric motor.
[image: Chart

Description automatically generated] 







(a)  Name one form of wasted energy.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………Thermal

(b)     Use the equation in the box to calculate the efficiency of the electric motor.
[image: Text

Description automatically generated] 
Show clearly how you work out your answer.
______________________________________________________________3000J / 5000J = 0.6

______________________________________________________________
Efficiency = _______________________


Lesson 8 – Teacher notesAQA Content
Students should be able to compare the amounts of energy transferred by different foods and activities.



Chunking
5. Identify how much energy is in different types of food. Decide who needs more energy and why, using information.
6. Students to determine the temperature rise produced by different foods.
7. Students to evaluate the energy content of different foods.
8. Students to evaluate their investigation.







Key direct and explicit teacher explanations:
1. Food labels show us the nutrients that food contains, as well as their energy content (in both KJ and calories). Foods that contain the most energy are usually those containing more carbohydrates or fats. Selecting our food should be done based on our own needs, which can vary. There are a variety of factors that influence how much energy we need. For example, how active we are and how much muscle we have.

2. The energy contained in food is transferred to the consumer when it is eaten. This is how humans and other animals acquire their energy. This can be modelled by observing the transfer of energy from a food to water when the food is burned. The temperature increase will provide a measure of the energy content of the food:
· The higher the energy content, the higher the temperature change
· The lower the energy content, the lower the temperature change.

3. Analysing the results of an investigation can yield very useful information. By observing the temperature change of water when a variety of foods are burned, we can see which foods contain more energy, and therefore would transfer more energy to a consumer.
· The higher the energy content, the higher the temperature change
· The lower the energy content, the lower the temperature change.

4. An investigation cannot be carried out perfectly, as it is impossible to control all of the possible variables. This means that the investigation cannot be called a truly fair test. However, the investigation can be analysed to identify the various factors that may have affected it.

Examples: A range of examples and non-examples are given to enable interpolation and limit extrapolation: 
Factors that affect how much energy we need include:
· Gender (men typically need more energy than women)
· Level of activity (more active people need more energy)
· Pregnancy (pregnant women need more energy than those who aren’t pregnant)
· Age (children and teenagers typically need more than those who are older, because they are still growing)

Foods high in carbohydrates (simple) include:
· Sweets
· Chocolate
· Fizzy drinks (e.g. coca cola)
· Fruit juices

Food high in carbohydrates (complex) include:
· Rice
· Pasta
· Potatoes
· Bread

Food high in fats include:
· Butter
· Cheese
· Eggs
· Seeds




















Teacher notes (e.g. key questions, examples, non-examples, explanations)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

In every transfer of energy, there will always be some wasted energy.
Energy cannot be created or destroyed, only transferred.
Chemical energy
[bookmark: _Hlk121074390]Lesson 8 – Which foods contain the most energy?
Skills Drill / Retrieval
Answer
PA / SA
1




2




3




4




5




6




7




8





Connect
So far in this unit you have learned about different energy stores and transfers:
Which energy store is found in food?
________________________________________________________________________
What does the law of conservation of energy tell us?
________________________________________________________________________________________________________________________________________________
Why can no energy transfer be 100% efficient?
________________________________________________________________________________________________________________________________________________

The foods that contain more energy will transfer more energy to the water, therefore increasing the temperature more.
375 Cal[image: ]




 
125 Cal[image: ]




 
393 Cal[image: ]




 
52 Cal
3000J
4000J
1500J
2000J
1. For each person, choose the most appropriate energy intake from the box.
[image: Diagram  Description automatically generated]
2. Using the information in the table below to decide which Energy value applies to that food:
Food
Protein per 100g
Carbohydrates per 100g
Fats per 100g
Energy (Cal) per 100g


Starch
Sugar


Apple
0
2.4
10.4
0

Cheddar cheese
25
0
3.6
32

Chicken breast
22
0
0
3.6

Spaghetti
10.7
71.4
3.6
1.8


52 calories
125 calories
375 calories
393 calories

3. Record your results from the investigation in the table below:
Type of food burned
Initial temperature of water (_____)
Final temperature of water (_____)
Temperature change (_____)





















4. From the investigation, answer the following questions:
b. How does this experiment allow you to measure the energy content of food?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

b. Which type of food contained the most energy? How do you know?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. Evaluate your investigation by answering the questions below:
a. Some samples of food can be difficult to ignite (set on fire) and produce only a small flame. What effect do you think this will have on your results?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b. The food samples we used were different sizes. Was this investigation a fair test, and what could we do next time to improve it?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

It was not a fair test, as the food should have been the same size/same mass. To improve, the food can be measured to have the same mass.
It may be more difficult for energy to be transferred to the water, meaning the temperature may not increase as much as it could.
TBD by the investigation
Explanation – This food made the water increase by a higher temperature

Lesson 9 – Teacher notesAQA Content
Students should be able to compare the amounts of energy transferred by different foods and activities.



Chunking
1. What is a fuel, what are the different types, and what are some examples?
2. Students to determine the temperature rise produced by different fuels.
3. Students to evaluate the energy content of different fuels.
4. Students to evaluate their investigation.







Key direct and explicit teacher explanations:
1. A fuel is anything that is burned to release energy. This can include many common examples of fuel, such as coal, petrol, diesel and gas. Other substances can be considered fuels as well, when they are burned, such as wood and charcoal. Fuels fall into two categories: renewable and non-renewable.
· Renewable fuels can be replaced quickly and/or easily.
· Non-renewable fuels cannot be replaced quickly, they will run out.

2. The energy contained in fuels is transferred to another substance (e.g. water) or to the surroundings when it is burned. However, not all fuels contain the same amount of energy. Therefore, we do not expect each fuel to increase the temperature of the water by the same amount.
· The higher the energy content, the higher the temperature change
· The lower the energy content, the lower the temperature change.

3. Analysing the results of an investigation can yield very useful information. By observing the temperature change of water when a variety of fuels are burned, we can see which fuels contain more energy, and therefore would transfer more energy.
· The higher the energy content, the higher the temperature change
· The lower the energy content, the lower the temperature change.

4. An investigation cannot be carried out perfectly, as it is impossible to control all of the possible variables. This means that the investigation cannot be called a truly fair test. However, the investigation can be analysed to identify the various factors that may have affected it.

Examples
Examples of fuels include:
· Coal – non-renewable
· Petrol – non-renewable
· Diesel – non-renewable
· Kerosene – non-renewable
· Natural gas – non-renewable
· Wood - renewable
· Charcoal - renewable
· Biomass – renewable
· Paper - renewable










Teacher notes (e.g. key questions, examples, non-examples, explanations)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________










Students likely to have heard of coal, petrol, diesel, gas etc.
Mechanically, electrically, by heating, by radiation
Chemical energy
[bookmark: _Hlk121074493]Lesson 9 – Which fuel contains the most energy?
Skills Drill / Retrieval
Answer
PA / SA
1




2




3




4




5




6




7




8





Connect
So far in this unit you have learned about different energy stores and transfers:
Which energy store is found in fuels?
________________________________________________________________________
What are two of the four pathways for energy to be transferred?
________________________________________________________________________________________________________________________________________________
What are some examples of fuels you have heard of?
________________________________________________________________________________________________________________________________________________

TBD by the investigation
Explanation – This fuel made the water increase by a higher temperature change
Coal
Petrol
Natural gas
Kerosene
Diesel
Wood
Biomass
Charcoal
Paper
· Wood
· Coal
· Petrol
· Biomass
· Natural gas
· Charcoal
· Kerosene
· Paper
· Diesel
1. Categorise the following fuels as either renewable or non-renewable:

Renewable
Non-renewable



2. Record your results from the investigation in the table below:
Fuel
Initial temperature of the water (oC)
Final temperature of the water (oC)
Change in temperature (oC)

















3. From the investigation, answer the following questions:
a. Which fuel had the highest energy content? How do you know?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

No, because energy is also being transferred to the surroundings. This means you could also observe the temperature of the surroundings increasing.
TBD by the investigation
If soot is left on the boiling tube, energy may be transferred to it instead of the water. This would reduce the observed temperature increase..
TBD by the investigation
A fuel more difficult to light may mean that it won’t burn as well. This could result in a smaller temperature increase, even if the fuel contains a lot of energy.
TBD by the investigation
Explanation – This fuel made the water increase by a lower temperature change
b. Which fuel had the lowest energy content? How do you know?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

4. Evaluate your investigation by answering the questions below:
a. Were any fuels more difficult to light than others? How might this affect your investigation?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b. Did any of the fuels leave soot (a black powder) on the boiling tube? Could this affect your investigation?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
c. Is the fuel only transferring energy to the water? If no, why? If no, what else would you observe?
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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