Physics: Work, Energy and Power

Syllabus
OP16 
Classify sources of energy as renewable or non-renewable

OP17
State the principle of conservation of energy

OP18
Explain why the sun is considered our primary source of energy and how this is important in food production and energy supply

OP19
 List the advantages and disadvantages of different energy sources, including nuclear sources of energy, as part of the solution to national energy needs

OP20
Identify different forms of energy and carry out simple experiments to show the following energy 
conversions:
a. Chemical energy to electrical energy to heat energy

b. Electrical energy to magnetic energy to kinetic energy

c. Light energy to electrical energy to kinetic energy

OP21
Give examples of energy conversions from everyday experience.
OP15 
Define and give the units for work, energy and power, state the relationship between work and power, and perform simple calculations based on this relationship

REVISION

The sun is our primary source of energy.
This means that almost of our energy came about either directly or indirectly from the sun. 

For example fossil fuels were formed from decaying plants and animals.

These plants and animals relied on the sun either directly (plants) or indirectly (animals eat plants or other animals that ate plants) for their survival. So essentially, fossil fuels contain the captured energy of the sun from millions of years ago.

Conservation of energy
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Sources of Energy:  renewable and non-renewable

Energy sources can be divided into two groups – renewable and non-renewable.

A renewable source of energy can be replenished in a short period of time.

A non-renewable source cannot be replenished in a short period of time.

Examples of renewable sources are solar energy, wind energy, wave energy etc (see table below)

Examples of non-renewable energy are fossil fuels (peat, coal, oil etc) which can take millions of years to form.

Fossil fuels are fuels that were formed from the remains of plants and animals that lived millions of years ago.

In Ireland 90% of electricity is generated by burning fossil fuels (compared to a European average of 50%).

We will study fossil fuels in detail in a Chemistry chapter later on.

Nuclear energy is energy stored in the nuclei of atoms. 
It can cause a lot of problems if an accident occurs at a nuclear power station, but many people are in favour of it (including me) because our entire civilisation is in danger if we continue to use fossil fuels (because of Global Warming)

Non-renewable energy sources

	Original source


	Advantages
	Disadvantages

	Fossil fuels 
	Fuel can be stored

Relatively cheap


	Increases Global Warming 

Limited supply of fuel available

	Nuclear energy
	Very little greenhouse gas emissions

You can get a lot of energy from a very small amount of fuel
	Possibility of nuclear accidents

Not easy to dispose of the waste


Renewable energy sources
	Original source
	Advantages
	Disadvantages

	Solar energy


	Costs little to run
	Expensive to install first day

Not always available

	Wind energy

	Costs little to run
	Expensive to install first day

Not always available

	Hydroelectric energy
	Costs little to run
	Expensive to install first day

	Wave energy
	Costs little to run
	Expensive to install first day

Not always available

	Tidal energy
	Costs little to run
	Equipment can be damaged in storms

	Biomass energy
	Costs little to run
	Requires a lot of land

	Geothermal energy
	Costs little to run
	Expensive to install first day


 Energy Conversions

The most useful form of energy is electrical energy. This is because it can be changed into other forms easily, e.g. electric to motor to move things, electric to heat, electric to sound, electric to light.

	Appliance
	Energy Conversion

	Electric heater
	Electricity to Heat

	Speaker
	Electricity to Sound

	Light-bulb
	Electricity to Light


Potential Energy and Kinetic Energy

Another way of understanding energy is to divide energy up into two separate categories: potential energy and kinetic energy.

Potential energy is energy that is stored, i.e. the energy can do work if released.

Examples of potential energy are a stretched string, water at the top of a dam and chemical energy in a battery.

Kinetic energy is energy that is associated with movement, i.e. anything that is moving has kinetic energy.
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a. Chemical energy to electrical energy to heat energy

An electric circuit consisting of a battery connected to a light-bulb or heater.
Switch on the circuit and note the temperature rising using a thermometer.
b. Electrical energy to magnetic energy to kinetic energy

Use an electromagnet (a coil of wire wrapped around a nail, connected to a battery) to pick up some nails.
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c. Light energy to electrical energy to kinetic energy

Connect a solar panel to an electric motor which turns when light shines on the solar panel

Remember….
Weight and Mass
Mass is a measure of the amount of matter (“stuff”) in something.

The weight of an object is a measure of the gravitational pull on it.
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The mass of an object doesn’t change from one place to the next because it still has the name amount of stuff inside (the same number of atoms), but the weight of the object will be much less on a planet smaller than Earth (or on the moon) while it will weigh much more (it will be much ‘heavier’) on a bigger planet. In fact if you could go to one of the bigger planets you would not even be able to stand up because you weigh so much!
Maths Problems
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e.g. a student of mass 60 kg has a weight of 600 N.

Note: There are 1000 grams in a kilogram (kg).
 Energy, Work and Power
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The unit of energy is also the joule.
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The unit of work is the joule (J).

Power
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The unit of power is the watt (W)

Exam questions
Energy

Renewable and non-renewable energy
1. [2011]
Give two examples showing that the sun is our primary source of energy.
2.  [2001 OL][2008 OL][2012 OL]

Pick two forms of renewable energy from the list on the right.

	Coal

	Oil

	Solar

	Tidal


3.  [2009 OL] Pick two forms of non-renewable energy from the list on the right.

4. [2007 OL][2007]

Nuclear energy could be used to solve Ireland’s energy shortage.

Give one advantage and one disadvantage of using nuclear energy to generate electricity.

5. [2008]

Some equipment can convert the energy of waves in seas into electrical energy.

Give one advantage and one disadvantage of generating electrical power in this way.

6. [2009]

Give one advantage or one disadvantage of fitting solar panels to your home.

7. [2006]

Suggest two alternative sources of energy (instead of fossil fuels) for the generation of electricity in Ireland.
8. [2008]

(i) Name the energy from the sun that the solar panel changes into electricity.

(ii) The electrical energy is then changed into a form of energy that can be stored in a battery Name the form of energy that can be stored in a battery.

(iii) In winter it may be dark when the pupils are going to or coming from school.

Give two energy conversions that occur to produce the flashes of light warning motorists approaching the school on dark mornings.

9. [2010]

Light, from the sun is a renewable source of energy.

Ireland only uses about 2% renewable sources to meet current energy needs.

(i) Name two renewable energy sources, excluding sunlight, that are available in Ireland. 

(ii) Give two benefits that Ireland would get from increasing the use of renewable energy sources to meet our energy requirements. 

10. [2011]

Compact fluorescent lamps (CFLs), shown in the photograph, have a Grade A rating (efficiency rating).Electrical energy is converted into light and one other form of energy in bulbs.
(i) Name this second form of energy.
(ii) Which form of energy does the more efficient bulb produce more of?

(iii) Name another electrical appliance where checking the energy efficiency rating would be important to save money on running costs.

11. [2012]

Renewable energies are shown in the picture.

(i) Pick any two of the energies shown in the picture and name your selection.

(ii) Give one advantage associated with each energy you’ve selected.

Two different reasons must be given.

(iii) Give one disadvantage associated with each energy you’ve selected.
Two different reasons must be given.

Energy Conversions

12. [2006 OL] 

Energy cannot be created or destroyed but it can be changed from one form to another e.g. chemical energy can be converted into heat energy.

Describe an experiment you could carry out to show the conversion of chemical energy to heat energy.

Draw a labelled diagram of any equipment used. 

13. [2008 OL]

The diagram shows a common light bulb.

List the two main energy changes that take place when the bulb is in use. 

14. [2011 OL][2010 OL]
When each of these appliances is used energy conversions take place.

	Electrical to heat

	Electrical to sound

	Chemical to electrical

	Chemical to heat

	Heat to light

	Potential to kinetic



Copy the table into your copy and correctly match an appliance with an energy conversion that takes place when it is used. [Note: An appliance may be used more than once.] 

15. [2006 OL] 
Give an example from everyday life where electrical energy is converted to kinetic energy. 

16. [2009]
Give two useful energy conversions that occur when a drill is being used.

17. [2008]

Fill in the missing words in both sentences.

(i) The stretched rubber chord has ______________ energy.

(ii) If the stone is released it will have ____________ energy.

18. [2007]

When work is done energy is converted from one form to another.

Identify one energy conversion that occurred when a car brakes.

19. [2012]
The conversions of chemical energy to kinetic energy to potential energy occurs when you walk up a stairs. 
Give two more everyday examples of energy conversions and the contexts in which they occur.
Work and Power
1. [2007 OL] 

	Metre

	Newton

	Joule


Different units are used to measure different physical quantities.

(i) Pick the unit of length from the table on the right.
(ii) Pick the unit of weight from the table on the right.
2. [2009]

(i) A stone was dropped from the top of a tall cliff. Name the force that causes the stone to fall downwards. 

(ii) The stone had a mass of 2 kg. What was the weight of the stone on earth? Give the unit. 

3. [2006] Distinguish between weight and mass.

4. [2007]

The driver of a moving car applied the brakes. 

The brakes produced an average stopping force of 8 kN (8000 N), and the car stopped having travelled 20 m after the brakes were applied. 

Calculate the work done in stopping the car.

5. [2006]

A girl of mass 60 kg (weight 600 N) climbed a 6 m high stairs in 15 seconds.

Calculate the work she did and the average power she developed while climbing the stairs.
6. [2012]
Define the Watt, the unit of power.
General Questions

1. Name two instruments used to measure weight.

2. Calculate the weight (in Newtons) of a bag of sugar, which has a mass of 5 kg.

3. A man has a mass of 100 kg. What is his weight?

4. Would the man weigh less or more on the moon?

5. Why does the man have a different weight on the moon?

6. What will be the mass of the man on the moon?

7. How would you be affected if your weight suddenly doubled?

8. Define the term ‘work’.

9. What are the units of work?

10. Define the term ‘energy’.

11. What are the units of energy?

12. Define the term ‘power’.

13. What are the units of power?

14. A force of 20 N was used to pull a sofa 3 metres across a room. How much work was done?

15. If the time taken in the previous question was 10 seconds, calculate the average power.

16. A weight-lifter lifted a weight of 1000 N a distance of 1.5 metres. How much work was done?

17. If the time taken in the previous question was 2 seconds, calculate the average power.

Solutions
Work Energy Power

4. Work (= force × distance) = 8000 × 20 = 160000 J
1. Work (= force × distance) = 600 × 6 = 3600 J.
Power (= work/time) = 3600/15 = 240 W.
2. The watt corresponds to one Joule per second
The principle of conservation of energy states that energy cannot be created or destroyed, but can only be converted from one form to another.








Experiments





Weight is a force (due to gravity)





Weight (in newtons) = Mass (in kilograms) × 10





Energy is the ability to do work








Work done = Force × distance








Power is the rate at which work is done
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