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Get the most from this book

Welcome to the AQA GCSE Physics Student Book.

This book covers the Foundation and Higher-tier content for the 2016 AQA GCSE Physics specification.

The following features have been included to help you get the most from this book.
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Prior knowledge

This is a short list of topics you should be familiar with before starting a chapter. The questions will help to test your understanding. Extra help and practice questions can be found online in our AQA GCSE Science Teaching & Learning Resources
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KEY TERMS

Important words and concepts are highlighted in the text and clearly explained for you in the margin.
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Practical

These practical-based activities will help consolidate your learning and test your practical skills.
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Required practical

AQA’s required practicals are clearly highlighted.
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TIPS

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Show you can…

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Higher-tier only

Some material in this book is only required for students taking the Higher-tier examination. This content is clearly marked with the blue symbol seen here.
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Test yourself questions

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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Chapter review questions

These questions will test your understanding of the whole chapter. They are colour coded to show the level of difficulty and also include questions to test your maths and practical skills.


•  Simple questions that everyone should be able to answer without difficulty.

•  These are questions that all competent students should be able to handle.

•  More demanding questions for the most able students.
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Answers

Answers for all questions and activities in this book can be found online at:

www.hoddereducation.co.uk/aqagcsephysics
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Practice questions

You will find Practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Working scientifically

In this book, Working Scientifically skills are explored in detail in the activity at the end of each chapter. Work through these activities on your own or in groups. You will develop skills such as Dealing with data, Scientific thinking and Experimental skills.
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* AQA only approve the Student Book and Student eTextbook. The other resources referenced here have not been entered into the AQA approval process.
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1 Energy
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We are concerned that energy reserves are running out. What does the future hold? How will we generate electricity for the projected World population of 10 billion people in 2050?
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Specification coverage

This chapter covers specification points: 4.1.1 Energy changes in a system, and the ways energy is stored before and after such changes, 4.1.2 Conservation and dissipation of energy and 4.1.3 National and global energy resources.
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Prior knowledge

Previously you could have learned:


•  Our primary source of energy is the Sun.

•  Food provides us with energy to live.

•  Energy reaches us from the Sun in the form of electromagnetic radiation.

•  Fossil fuels are a source of energy.

•  We generate electricity using fossil fuels and other sources of energy.

•  Energy can be transferred from a hot object to colder objects.

•  Metals are good thermal conductors. They allow energy to be transferred quickly.

•  Fluids (liquids and gases) transfer energy by convection.

•  Energy is measured in joules, J.



Test yourself on prior knowledge


1  State three examples of how you use energy every day.

2  Give an example of a fossil fuel.

3  Why are metals good thermal conductors?
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Energy changes in a system, and the ways energy is stored before and after such changes

Energy stores and systems

We can begin to understand energy by studying changes in the way energy is stored when a system changes. A ‘system’ is an object or a group of objects that interact. Here are some situations with which you should be familiar.


•  Throwing an object upwards

    When you throw a ball upwards, just after the ball leaves your hand it has a store of kinetic energy. When the ball reaches its highest point, it has a store of gravitational potential energy. Just before you catch it again, it has a store of kinetic energy.




•  Boiling water in a kettle

    When you turn on your electric kettle, the water in the kettle gets hotter. There is now more internal (or thermal) energy stored in the hot water than there was in the cold water.




•  Burning coal

    When we burn coal there is a chemical reaction. Coal has a store of chemical energy which is transferred to thermal energy as it burns. A coal fire can warm up a room.
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•  A car using its brakes to slow down

    A moving car has a store of kinetic energy. When the car slows to a halt, it has lost this store of kinetic energy. The brakes exert a frictional force on the wheels, and the brakes get hot. The store of kinetic energy in the car has been transferred to a store of thermal energy in the brakes. This energy is then transferred to the surroundings.




•  Dropping an object which does not bounce

    Just before the object hits the ground, it has a store of kinetic energy. After the object has stopped moving, the kinetic energy has been transferred to a store of internal energy in the object and the surroundings. So the object and the surroundings warm up a little. (You might hear a noise, but the energy carried by the sound is also transferred to the internal energy of the surroundings.)




•  Accelerating a ball with a constant force

    We have a store of chemical potential energy in our muscles. When we throw a ball, our store of chemical potential energy decreases, and the ball’s store of kinetic energy increases. The hand applies a force to the ball and does work to accelerate it.




•  Holding two magnets with north poles facing

    When you hold two magnets with like poles facing, you can feel a force which repels the magnets from each other. When the magnets are close together there is a store of magnetic potential energy. When you release the magnets, they move apart. The magnets’ store of magnetic potential energy has reduced and their store of kinetic energy has increased.



Energy stores

In the simple everyday events and processes that were described above, we identified objects that had gained or lost energy. For example, objects slow down or get hotter. We saw that the way energy is stored changes.

We use the following labels to describe the stores of energy you will meet:


•  kinetic

•  chemical

•  internal (or thermal)

•  gravitational potential

•  magnetic

•  electrostatic

•  elastic potential

•  nuclear.



Counting the energy

Energy is a quantity that is measured in joules, J. Large quantities of energy are measured in kilojoules, kJ, and megajoules, MJ.
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The reason that energy is so important to us is that there is always the same energy at the end of a process as there was at the beginning. If we add up the total energy in all the stores, that number stays the same.

Figures 1.2, 1.3 and 1.4 show some examples of counting the energy.
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The principle of conservation of energy

The principle of conservation of energy states that the amount of energy always remains the same. There are various stores of energy. In any process energy can be transferred from one store to another, but energy cannot be destroyed or created.

Transferring energy from one store to another

Light, sound and electricity are useful, but they are not stores of energy. They are ways of transferring energy from one store to a different energy store. You cannot go into a shop to buy a box of ‘electrical energy’, but you can buy a cell or battery. In a circuit, the chemical energy stored in a cell or battery causes electric charge to flow.

In a torch, the chemical energy stored in the battery causes an electric current (a flow of charge). The electric current causes the temperature of the bulb to increase so much that the bulb lights up. The light cannot be stored but it is useful. When the light strikes an object and is absorbed, the internal energy of the object increases.

If we drop a bunch of keys onto a table, the collision will make the air vibrate and we hear a sound. The sound wave transfers energy; it is not an energy store. The energy will transfer to the air and surrounding objects causing an increase in their store of internal energy.
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Test yourself


1  Describe the energy stored in each of the following:




    a)  a moving bicycle

    b)  a compressed spring

    c)  a bowl of breakfast cereal

    d)  a rock lifted off the ground.




2  Explain what is wrong with this statement:

    ‘A car battery stores electrical energy for the lights, horn and starter motor.’

3  Describe how the stores of energy change from the beginning to the end of the following processes.




    a)  A catapult launches a marble.

    b)  A ball rolls along the ground and comes to rest.

    c)  A butane gas camping cooker heats up a pan of water.

    d)  A lump of soft putty falls to the ground.




4  Figure 1.5 shows a ball falling. Copy the diagram and fill in the values for the ball’s kinetic energy and gravitational potential energy at each height.
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Show you can…

Complete this task to show you understand the different stores of energy.

Name four stores of energy, and describe three examples of how energy can be transferred from one store to another.
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Calculating the energy

In this section you will learn how to calculate the amount of energy associated with a moving object, a stretched spring and an object raised above the ground. These calculations are useful to us. For example, we can show how the energy in a system is redistributed when a change happens to the system.

Kinetic energy

The kinetic energy stored by a moving object can be calculated using the equation:

[image: ]

Elastic potential energy

The amount of elastic potential energy stored in a stretched spring can be calculated using the equation:
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The spring constant, k, is a measure of the spring’s stiffness; k is equal to the force needed to stretch the spring one metre.

The extension of the spring is the increase in its length from its original unstretched length.

Gravitational potential energy

The amount of gravitational potential energy gained by an object raised above ground level can be calculated using the equation:
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Example 1

A crate has a mass of 80 kg. A crane lifts the crate from a height of 3 m above ground to a height 18 m above the ground. Calculate the increase in gravitational potential energy of the crate.
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Answer

Increase in height = 15 m
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Example 2

A car has a kinetic energy store of 64 800 J. It is travelling at a speed of 12 m/s. Calculate the mass of the car.

Answer

[image: ]

Example 3

A spring has a force constant of 60 N/m. The spring is extended by 5 cm. Calculate the elastic potential energy stored in the spring.

Answer

[image: ]

Remember to change the extension of 5 cm into metres.

Example 4

Calculate the change in kinetic energy stored when a car of mass 1200 kg slows down from 30 m/s to 20 m/s.

Answer

[image: ]
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Test yourself


5  Calculate the kinetic energy of a bullet of mass 0.015 kg, travelling at a speed of 240 m/s.

6  Calculate the increase in the gravitational potential energy store of a boy of mass 50 kg after he has climbed the Taipei 101 Tower, which is 440 m high.

7  A car has a mass of 1500 kg. It accelerates from a speed of 15 m/s to a speed of 20 m/s. Calculate the increase in kinetic energy of the car.

8  A car suspension spring has a spring constant of 2000 N/m. Calculate the elastic potential energy stored in the spring when it is compressed by 8 cm.

9  A meteor has a mass of 0.05 kg and it is travelling towards Earth at a speed of 30 km/s. Calculate the kinetic energy of the meteor.
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Changes in energy

In this section you will learn how to use the energy equations to make predictions about changes to a system: which energy is transferred from one type of store to another.
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Example 1

A ball of mass 100 g is thrown vertically upwards with a speed of 15 m/s. What is the maximum height the ball reaches?

Answer

As the ball rises, work is done by gravity to slow the ball down. Energy is transferred from the kinetic energy store of the ball to the gravitational potential energy store of the ball.

The principle of the conservation of energy tells us that the kinetic energy stored when the ball is at the bottom of its path is equal to the potential energy stored when the ball is at the top of its path, (if we assume that none of the energy is transferred to the surroundings).

[image: ]

Example 2

A stretched bow stores 64 J of elastic potential energy. The bow fires an arrow of mass 20 g. Calculate the speed of the arrow as it leaves the bow.

Answer

As the bow does work to speed up the arrow, energy is transferred from the bow’s store of elastic potential energy to the arrow’s store of kinetic energy.

[image: ]

Example 3

A car of mass 1200 kg is parked on a 1 in 5 slope. The handbrake is released and the car rolls down the slope. When the car has travelled 20 m down the slope, how fast is it travelling?

Answer

A 1 in 5 slope means that the car goes up (or down) 1 m in height, when it travels 5 m along the slope. So, when the car has travelled 20 m along the slope it has gone down by a height of 4 m. The gravitational potential energy transferred can be calculated from this height.
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Test yourself

You can do these questions for practice, but you can also set up some experiments like this in the laboratory.


10  A spring with a spring constant of 200 N/m is fixed, so that it points vertically on to a table by using some Blu-Tack. The spring is compressed by 1 cm.




      a)  Calculate the elastic potential energy stored in the spring.

           A polystyrene ball of mass 0.5 g is held on the spring and launched vertically upwards.




      b)  i)  How much gravitational potential energy does the ball have when it reaches its highest point?

           ii)  Calculate the height the ball reaches when it is released. Assume the ball travels vertically upwards.
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11  In Figure 1.9 a trolley is attached to a spring as shown. The trolley is pulled back to extend the spring by 15 cm. The spring has a spring constant of 80 N/cm.




      a)  Calculate the elastic potential energy stored in the spring.

           The trolley is now released and it is accelerated by the spring.




      b)  i)  State the kinetic energy stored in the trolley just after the spring reaches its unstretched length.

           ii)  Calculate the maximum speed of the trolley.
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12  In Figure 1.10 a trolley is attached to a mass of 0.2 kg. The 0.2 kg mass is allowed to fall to the floor.




      a)  Calculate the gravitational potential energy of the 0.2 kg when it is 0.9 m above the ground.




      b)  i)  State the kinetic energy of the 0.2 kg mass and the trolley together, just before the mass hits the ground.

           ii)  Calculate the maximum speed of the trolley, just as the mass hits the floor.
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Show you can…

State the principle of the conservation of energy. Describe two demonstrations you have seen that help to explain this principle.
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Work

In this section you are introduced to the definition of work, because by doing work we can transfer energy from one store to another.
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KEY TERM

work = force × distance
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A force does work on an object when the force causes the object to move, in the direction of the force. Work can be calculated using the equation:

[image: ]

When we do work, by applying a force to move an object, we change the energy store of that object.


•  When 200 J of work is done to lift a box upwards, the gravitational potential energy store of the box increases by 200 J.

•  When 3000 J of work is done to accelerate a car, the kinetic energy store of the car increases by 3000 J.

•  When 2 J of work is done to stretch a spring, the spring stores 2 J of elastic potential energy.



Electrical work is done by a battery when the battery makes a current flow. (This is covered further in Chapter 2, p. 39)
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Example

We can use the idea of work to help us calculate the braking distance of a car.

A car of mass 1500 kg is travelling at a speed of 20 m/s. The brakes apply a force of 5000 N to slow down and stop the car.

Calculate the braking distance of the car.

Answer

The decrease in the kinetic energy store of the car (transferred to the internal energy store of in the brakes) = work done by the brakes.

[image: ]
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Power

Often when we want to do a job of work, we want to do it quickly. We say that a crane that lifts a crate more quickly than another crane lifting the same crate is more powerful.

Power is defined as the rate at which energy is transferred or the rate at which work is done. Power can be calculated by using these equations.
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KEY TERM
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An energy transfer of 1 joule per second is equal to a power of 1 watt.

Large powers are also measured in kilowatts, kW, and megawatts, MW.
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Example

A weight lifter lifts a mass of 140 kg a height of 1.2 m in 0.6 s. Calculate the power developed by the weight lifter.

Answer

[image: ]
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Practical

Measuring your own power

Work out your personal power by running up a flight of steps.

You need to know your mass, the time it takes you to run up the stairs and the vertical height of the stairs.


1  Record your time and calculate the increase in your gravitational potential energy store.

2  Now calculate your power.

3  Explain why you need the vertical height of the staircase and not the length along the staircase.
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TIP

Remember g = 9.8 N/kg.
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Test yourself


13  What is the unit of power?

14  What is the connection between the energy transferred and power?

15  A crane lifts a weight of 12 000 N through a height of 30 m in 90 s. Calculate the power output of the crane in kW.

16  Two students have an argument about who is more powerful. Peter says he is more powerful because he is bigger. Hannah says she is more powerful because she is quicker.

      To settle the argument, they run up stairs of height 4.5 m. Use the information about their weights and times to settle the argument.
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17  When an express train travels at a speed of 80 m/s, the resistive forces acting against it add up to 150 kN.




      a) Calculate the work done against the resistive forces in 1 s.

      b) Calculate the power output of the train, travelling at 80 m/s.
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Show you can…

Design an experiment to measure the power of your arm as you lift a weight.
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Energy changes in systems

You will find that some of this section is also covered in Chapter 3, page 74.

The amount of energy stored or released from a system, as its temperature changes, can be calculated using the equation:
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The specific heat capacity of a substance is the amount of energy required to raise the temperature of one kilogram of the substance by one degree Celsius.

The specific heat capacity varies from substance to substance.
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Required practical 1

An investigation to measure the specific heat capacity of a material

There are several different ways to obtain the data needed to calculate the specific heat capacity of a material. All of the methods involve the same idea; the decrease in one energy store (or work done) leads to an increase in the temperature of the material.

In this method energy is transferred from an electrical immersion heater to a metal block. The increase in the temperature of the metal block depends on the mass of the block and the specific heat capacity of the block.

Method


1  Measure the mass of the metal block (m) in kilograms.

2  Put the thermometer and immersion heater into the holes in the block.

3  Connect the immersion heater, joulemeter and power supply together as shown in Figure 1.13.

4  Measure the temperature of the metal block (θ1) and then switch on the power supply.

5  Wait until the temperature of the block has gone up by about 10 °C then switch off the power supply. Write down the reading on the joulemeter (E). This gives you the amount of energy transferred to the immersion heater.

6  Do not take the immersion heater out of the block. Keep looking at the temperature and write down the highest temperature shown by the thermometer (θ2).
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     If a joulemeter is not available set up the circuit shown in Figure 1.14. Use the following method to measure the energy transfer.
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    Switch the power supply on and again wait for the temperature of the block to increase by about 10 °C.

    Watch the voltmeter and ammeter and write down the readings (V and I). The readings may change a little as the block gets warmer. Switch the power supply off and write down how many seconds the power supply was on for (t).

    The energy transferred to the block can be calculated using the equation:
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Analysing the results


1  Calculate the increase in temperature of the block ∆θ = (θ2 – θ1).

2  Use the following equation to calculate the specific heat capacity (c) of the metal block:

[image: ]

3  It is likely that the value you calculate for the specific heat capacity of the metal will not be accurate.

    Look up the true value. How close is the true value to your experimental value? Calculate the difference between the two values. Do you think your experimental value is accurate?

4  If other people in the class have used different types of metal, then compare the different specific heat capacity values with the temperature rise of the metal. If you do this, it is important that the blocks used by everyone have the same mass and that the same amount of energy is transferred to each immersion heater.

    You should find that the higher the temperature rise, the smaller the specific heat capacity of the metal.
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KEY TERM

A measurement or calculated value is considered accurate if it is close to the true value.
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Taking it further


1  Repeat the investigation, but this time cover the side of the block in a thick layer of insulating material.

2  Calculate a second value for specific heat capacity. Is this second value any more accurate? If it is, suggest why.



Questions


1  Why is it better not to remove the immersion heater from the block as soon as the heater is switched off?

2  The values calculated for specific heat capacity from this investigation would usually be greater than the true value. Explain why.
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Practical

Demonstration experiment

Your teacher might demonstrate how you can work out the temperature of a hot object.

In Figure 1.15a) a small piece of steel is heated until it is red hot in a Bunsen flame. The steel is then quickly transferred to an insulated beaker, which contains 0.1 kg (100 ml) of water as shown in Figure 1.15b). [Caution, the steel is red hot, and will burn the bench if dropped. The water will ‘spit’ as the steel is put into the beaker. Do not use a piece of steel of mass more than about 20 g.]
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Example data and calculation
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The thermal energy transferred by the hot steel equals the thermal energy gained by the water.

The thermal energy gained by the water

[image: ]

Note: the temperature change is 34 °C − 19 °C = 15 °C

The thermal energy transferred by the hot steel is 6300 J.

[image: ]

So the initial temperature of the steel was:

[image: ]

Note: the final temperature was 34 °C, which is added to 700 °C.

Give two reasons why the steel might have been even hotter than this.
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Test yourself


18  State the units of specific heat capacity.

19  Air has a specific heat capacity of 1 000 J/kg °C. Calculate the energy transferred by a heater when it warms the 80 kg of air in a room from 10 °C to 22 °C.




20  a)  A night storage heater contains 60 kg of concrete, which has a specific heat capacity of 800 J/kg °C. How much energy must be supplied to the concrete to warm it from 15 °C to 45 °C?

      b)  A 200 W heater is used to heat the concrete. How long does the heater take to supply the energy calculated in part (a)?




21  Milk has a specific heat capacity of 3 800 J/kg °C. A cup of milk, of mass 0.3 kg, is placed into a microwave oven in a plastic insulating cup. When switched on the oven heats the milk at a rate of 700 W.




      a)  Calculate how much energy has been transferred to the milk after 1 minute.

      b)  When the milk was put in the oven its temperature was 6 °C. Calculate the temperature of the milk after 1 minute of heating.
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Show you can…

Show you understand what is meant by specific heat capacity by completing this task.

Describe an experiment to measure the specific heat capacity of water. Explain what measurements you would take and the calculations you would do.

[image: ]



Conservation and dissipation of energy

You have already learnt that energy is conserved: energy cannot be created or destroyed. However, when energy is transferred from a source, it is not all transferred usefully. Often when energy is transferred some of the energy is dissipated or ‘wasted’.


[image: ]

KEY TERM

To dissipate means to scatter in all directions or to use wastefully. When energy has been dissipated, it means we cannot get it back. The energy has spread out and heats up the surroundings.
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When petrol is used to power a car, much of the energy is wasted. Only about a quarter of the chemical energy stored in the petrol is used to drive the car forwards (by doing work) and about three quarters of the chemical energy is wasted by heating up the engine.

Reducing energy dissipation

Every day in our lives we use energy from fuels for transport or for heating our homes. In all cases the chemical energy stored in the fuels is eventually transferred to the thermal energy store of the surrounding area. This is a less useful way of storing energy; the energy is being ‘wasted’. However, we try to ensure that as much energy is transferred usefully as possible. We try to minimise the amount of wasted energy.

Power stations

The purpose of a power station is to generate electricity, which can do useful work to light and heat our homes. Engineers design the generators in the power station to reduce the amount of waste energy in the power station. Generators are large machines which can dissipate energy by heating or by unwanted mechanical vibrations.

Car design

When we drive a car we want to make sure that as much of the chemical energy stored in the fuel as possible does useful work for us.


•  Engineers design fuel efficient cars, which dissipate less energy.

•  The car is made streamlined to reduce air resistance on the car.

•  Moving parts of the car are lubricated with oil to reduce friction.



Keeping warm at home

When we heat our homes, the energy stored inside the house is dissipated through the roof, walls, windows or doors of the house to warm up the air outside. We want to make sure the energy escapes as slowly as possible.

Here are some ways in which we reduce unwanted energy dissipation at home.

Chimneys

Figure 1.16 shows a coal fire burning in a sitting room. Some of the energy from the burning coal is transferred to the air outside the house. This is wasted energy. By having the chimney inside the house, thermal energy can be transferred into the bedrooms upstairs. This is useful energy.
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Walls

The rate at which energy is transferred through the walls of a house depends on four factors.


•  The temperature difference between inside and outside. (Our heating bills are larger in winter than in summer.)

•  The area of the walls. (Large houses cost more to heat than small houses.)

•  The thermal conductivity of the walls. Some materials conduct heat well, metals, for example. These materials have a high thermal conductivity. Brick and glass are not good thermal conductors. They have relatively low thermal conductivities, but energy still flows out of a warm house through the walls and windows. The higher the thermal conductivity of a material, the higher the rate of energy transfer by conduction across the material.

•  The thickness of the walls (or windows) is important. The thicker the walls, the slower the rate of energy loss.



Modern houses are built with two layers of brick as shown in Figure 1.18. Then the house is insulated with cavity wall insulation, between the two layers of brick. The foam which insulates the walls is full of trapped air. The air is a good insulator; it has a much lower thermal conductivity than brick or glass.
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Loft insulation and carpets

The most efficient way to reduce energy loss from our house is to insulate the loft. A thick layer of loft insulation reduces energy loss through the roof. We also use insulating carpets to reduce energy loss through the floor.

The tiles on the kitchen floor feel cold when you walk on them in bare feet. These tiles are much better thermal conductors than carpets.

Double glazing

A thin pane of glass in a window transfers energy out of the house. We use double glazing to reduce energy loss through the windows. A layer of gas trapped between two panes of glass provides good insulation (Figure 1.20).
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Required practical 2

Investigating thermal insulation

Thermal insulation helps to keep things warm or cool for longer by reducing the unwanted energy transfers in a system.

This investigation is to compare how effective different materials are as thermal insulators.
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Method

Risk assessment


•  Hazard – using very hot water

•  Risk – knocking the water over and scalding yourself

•  Reducing the risk of harm – do not sit down while using the hot water

– use hot water but not boiling water




1  Select different materials to test as insulators, for example aluminium foil, bubble wrap, thin expanded polystyrene, corrugated cardboard and cloth.

2  Wrap one of the materials around the outside of a metal or glass container (could be a 250 ml beaker). Do not wrap any material under the bottom of the container as this could make the container tip over.

3  Pour hot water into the container.

4  Put a cardboard lid onto the container and place a thermometer into the water through a hole in the lid. Make sure the thermometer is upright. (If it is at an angle it could tip the container over.) If necessary, hold the thermometer in a clamp stand.

5  Take the starting temperature of the water and start the stop clock.

6  Wait 10 minutes and then take the temperature of the water again.

7  Calculate the fall in temperature of the water.

8  Repeat this for each one of the materials being tested. To make it a fair test, each time you use a different material the volume of the water and the starting temperature of the water should be the same. These are both control variables.



Instead of a thermometer you could use a temperature sensor and data logger. If you do this it is likely that you will be able to measure the temperature to a greater resolution than if you use a thermometer.
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KEY TERMS

In a fair test only the independent variable affects the dependent variable.

A control variable is what you keep the same.

The resolution of a measuring instrument is the smallest change that the instrument can detect.
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Analysing the results


1  Draw a bar chart to show the temperature fall of the water for each of the materials tested.

2  Which material was the best insulator? Explain why it was better than the others.



In this investigation a bar chart is drawn because ‘type of material’ is a categoric variable and not a continuous variable.
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KEY TERMS

A categoric variable has values that are given a name or a label.

A continuous variable has numerical values obtained by either measuring or by counting.
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Taking it further

Read the following hypothesis and prediction.

Hypothesis: The hotter a liquid, the faster the rate of energy transfer from the liquid.

Prediction: As a liquid cools down its temperature falls more slowly.


1  Plan and carry out an investigation to test the hypothesis and prediction.

2  How will you show that the data you collect supports or does not support the hypothesis?



Questions


1  Two ways of reducing the risk of harm are given in the risk assessment. What other precautions were used in the investigation to reduce the risk of scalding yourself with hot water?

2  Look at your results. Would a resolution of 1 °C on a thermometer be enough to be able to rank the materials you tested from best to worst insulator? Explain the reason for your answer.
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Test yourself


22  What is meant by the term ‘energy dissipation’?

23  Explain how engineers can design cars to be more efficient.

24  Give two examples of how we reduce unwanted energy transfers. Try to think of two not mentioned earlier in the text.

25  List four ways that unwanted energy transfer is reduced in your home.
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Show you can…

Show you understand the principle of conservation of energy by planning an experiment to demonstrate and prove this principle. State the apparatus you will use, the measurements you will take and the calculations you will do.
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Efficiency

Efficiency is a way of expressing the proportion of energy that is usefully transferred in a process as a number. The most efficient machines transfer the highest proportions of input energy to useful output energy.

To calculate efficiency we use the equation:
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Efficiency may also be calculated using the equation:
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Efficiency is a
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Increasing the efficiency of an intended energy transfer







•  using wheels

•  applying lubrication.





•  travelling slowly

•  streamlining.




Increasing efficiency using machines
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26  Define efficiency.

27  A student compares two machines, A and B. Both machines transfer the same input energy. The student discovers that machine A wastes less energy than machine B. Which machine is more efficient?

28  Phil is in the gym doing pull-ups. Each time he does a pull-up his store of chemical energy decreases by 1500 J. Phil’s mass is 72 kg and he lifts himself up 0.5 m in one pull-up.




      a)  Calculate the gravitational potential energy stored after one pull-up.

      b)  Calculate the efficiency of Phil’s body during this exercise.




29  A car’s engine is supplied with one kilogram of fuel, which stores 45 MJ of chemical energy. The efficiency of the car is 36%.

      Calculate the amount of energy available for useful work against resistive forces.
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30  Why does a streamlined car use fuel more efficiently than another similar car which experiences larger air resistance forces?




31  a)  Why does the machine in Figure 1.25 allow the men to work more efficiently?

      b)  Suggest another machine that increases the efficiency of a job. How does the machine ensure that more energy is usefully transferred?
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National and global energy resources


Fossil fuels
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Finite resources
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Using fuels



•  Transport. Fuels such as petrol, diesel and kerosene are produced from oil. These fuels drive our cars, trains and planes. Electricity is also used to run our trains, and cars are being developed to run from electricity supplies. In 50 years’ time, we may not be able to fly on holiday.

•  Heating. Most of our home heating is provided by gas and electricity. Gas pipes run into our houses to provide energy to our boilers. Some homes are warmed by oil-fired boilers or by burning solid fuels such as coal and wood.

•  Electricity. In the UK, electricity is generated using different energy resources, but most of our electricity is generated by burning fossil fuels. The following table shows the percentage of electricity generated using different energy resources. Gas and coal provide a convenient and relatively cheap way to generate our electricity. However, the burning of gas and coal produces carbon dioxide, which most scientists think is responsible for global warming. In November 2015, the UK government announced that coal fuelled power stations will be phased out by 2025. More electricity will be generated by gas, which produces less carbon dioxide than coal.
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Fossil fuels and acid rain
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Power stations
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Other energy resources


Nuclear power




Biomass



Using tides
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Hydroelectric power
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•  Forests have been cut down.

•  Farmland is lost.

•  Wildlife habitats have been destroyed.

•  Many people have had to move homes.



Wind power



•  Wind power is unreliable. If the wind is too light, little power is produced. If the wind is too strong, generators can overheat, so the blades have to be stopped from moving.
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Solar power
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Geothermal energy
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32  a)  What is a non-renewable energy resource? Give one example.

      b)  What is a renewable energy resource? Give one example.




33  Name a common fuel used in a nuclear power station. Is this fuel renewable or non-renewable?

34  In Britain 20% of our electricity is generated in coal-fired power stations.




      a)  What are the advantages of using coal to generate electricity?

      b)  State two environmental problems caused by using coal to generate electricity.




35  a)  What environmental problems are caused by building a hydroelectric power station?

      b)  Give one advantage of hydroelectric power.




36  Why are tides a more reliable way of generating electricity than wind power?

37  Britain plans to have 12 000 wind turbines spread from the south to the north of the country. Why does spreading out the wind farms increase the reliability of wind power?

38  A wind turbine is designed to produce a maximum power of 4 MW. However, due to variations of wind speed, the generator only produces this power for 10% of the time.

      How many such wind turbines are required to replace a coal-fired power station which generates 2000 MW of power all the time?

39  Figure 1.36 shows the layout of a pumped storage power station. Water from the high level lake generates electricity by flowing through the turbines which are connected to generators. These are placed above the low level lake. When there is a low demand for electricity, the generators are driven in reverse to pump water back into the high level lake. This ensures there is enough water to generate electricity next time the demand is high.




      a)  Why is this sort of power station useful to electricity companies?

      b)  Does this power station produce any pollution or greenhouse gases i) when generating electricity, ii) when pumping water back up the hill?

      c)  Use the information in Figure 1.36 to calculate the gravitational potential energy transferred per second when the generators are working.

      d)  The generators are 80% efficient. Calculate the power output of the power station in MW.




      Figure 1.37 shows the typical power use in the UK on a spring day.




      e)  At what time of the day does the pumped storage station i) generate electricity, ii) pump water back up the hill? Give reasons for your answer.
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Energy: a summary




Energy stores



•  kinetic

•  chemical

•  internal (or thermal)

•  gravitational potential

•  magnetic

•  electrostatic

•  elastic potential

•  nuclear.



Energy transfers



•  by mechanical work

•  by electrical work

•  by heating

•  by radiation.
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And finally…
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  1  Describe the energy store of each of the following:




      a)  an electrical battery

      b)  a moving car

      c)  a stretched rubber band

      d)  a lake of water behind a hydroelectric dam.




  2  In the following processes energy is transferred from one energy store to another store or stores. State the stores of energy at the beginning and end of each process.




      a)  A battery lights a lamp.

      b)  A bowl of hot soup cools.

      c)  A battery is connected to a motor which is lifting a load.

      d)  A firework rocket has been launched into the air and is travelling upwards.




  3  Your feet feel warmer on a carpet than they do a tiled kitchen floor. Give one reason why.





  4  Calculate the energy stored in each of these examples.




      a)  A car of mass 1400 kg travels at a speed of 25 m/s.

      b)  A suspension spring for a truck with a spring constant of 40 000 N/m is compressed by 5 cm.

      c)  A suitcase of mass 18 kg is placed in a luggage rack 2.5 m above the floor of a train.




  5  Figure 1.41 shows a girl on a slide. Her mass is 45 kg.




      a)  Calculate the girl’s speed at the bottom of the slide. Ignore the effects of friction.

      b)  Explain why the girl’s speed is likely to be less than the answer calculated in part (a).
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  6  A gymnast of mass 55 kg lands from a height of 5 m onto a trampoline (see Figure 1.42). Calculate how far the trampoline stretches before the gymnast comes to rest.

      The trampoline has a spring constant of 35 000 N/m.
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  7  Some lead shot with a mass of 50 g is placed into a cardboard tube as shown in Figure 1.43. The ends of the tube are sealed with rubber bungs to keep the lead shot in place. The tube is rotated so that the lead shot falls and hits the bung at the bottom.




      a)  Why does the temperature of the lead shot increase after it has fallen and hit the lower bung?

      b)  A student rotates the tube 50 times. Calculate the total decrease in the gravitational potential energy store of the lead shot in this process.

      c)  The specific heat capacity of lead is 160 J/kg °C. Calculate the temperature rise of the lead shot after the student has rotated the tube 50 times.

      d)  In practice, the temperature rise of the lead shot is likely to be less than your answer in part (c). Give a reason why.
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  8  A girl kicks a football with a force of 300 N. The girl’s foot is in contact with the ball for a distance of 0.2 m. The ball has been a mass of 450 g. Calculate the speed of the ball just after it has been kicked.

  9  An electricity supply provides electrical power to a motor at a rate of 800 W. The motor lifts a crate of mass 80 kg through a height of 3 m in 12 seconds. Calculate the efficiency of the motor.





10  A student wants to calculate the specific heat capacity of a liquid. First he determines that the liquid has a density of 900 kg/m3.




      a)  The student places a volume of 200 cm3 of liquid into an insulated beaker. Calculate the mass of the liquid in kg. [1 cm3 = 10 −6 m3]

          The student measures the temperature of the liquid. It is 22 °C. The student then heats the liquid with a heater that has a power rating of 24 W. He heats the liquid for 10 minutes.

      b)  Calculate the energy transferred to the liquid in 10 minutes.

      c)  After 10 minutes the student finds the liquid has risen to a temperature of 72 °C. Calculate the specific heat capacity of the liquid.




11  A scientist observes a grasshopper as it jumps. The grasshopper takes 25 milliseconds to take off, and reaches a speed of 3.0 m/s. The grasshopper has a mass of 1.5 g.




      a)  Calculate the kinetic energy of the grasshopper after its jump.

      b)  Calculate the mechanical power developed by the grasshopper’s legs.
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  1  Which of the following is the correct unit for power?




      newtons joules watts





  2  Which of the following is the correct unit for specific heat capacity?




      J/kg °C    J kg/°C    J kg °C





  3  The energy input to a machine is 2000 J. The machine transfers 600 J of useful energy. Calculate the efficiency of the machine.





  4  The British government has planned to build up to 12 000 wind generators. Give one advantage of wind power and one disadvantage.





  5  Many of the world’s electricity power stations burn fossil fuels.




      a)  Burning fossil fuels produces carbon dioxide.




          What effect can an increase in carbon dioxide levels have on the Earth’s atmosphere?


      b)  Figure 1.44 shows how much carbon dioxide is produced for each unit of electricity generated in coal-, gas- and oil-burning power stations.
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            i)  Which type of fossil fuel produces the most carbon dioxide for each unit of electricity generated?


            ii) Why is a bar chart drawn to show the data and not a line graph?





      c)  Biofuels are renewable energy resources that can be used to generate electricity.




            i)  Name one other type of renewable energy resource.


            ii) Most biofuels are derived from plants. When biofuels are burned carbon dioxide is produced. Why does burning a biofuel have less effect on the atmosphere than burning coal?





  6  An advertisement for solid fuel firelighters claims:
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      a)  To test this claim a student plans the following investigation.
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      •   Place 1 g of H&S firelighter on a tin lid.

      •   Put 80 cm3 of water into a beaker.

      •   Measure the temperature of the water.

      •   Set fire to the firelighter and then use it to heat the water.

      •   When all of the firelighter has burned, measure the new water temperature.

      •   Repeat with two different brands of firelighter.




           i)  What type of variable is the brand of firelighter?


           ii) Name two control variables in this investigation.


           iii) Give one experimental hazard in this investigation.


           iv) Suggest one change that the student could have made to improve the resolution of the temperature readings.





      b)  To compare the data the student drew the bar chart shown in Figure 1.47.
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            i)  Was the data collected by the student sufficient to confirm the claim made by the maker of H&S firelighters? Give a reason for your answer.


            ii) Give two reasons why the decrease in the chemical energy store of the firelighter is greater than the increase in the thermal energy store of the water.





  7  The roof of the Tokyo Skytree is 495 m high and can be climbed using its steps. A tourist decided to climb the tower. He took 35 minutes to do it and he had a mass of 60 kg.




      a)  Calculate the increase in the gravitational potential energy store of the tourist in climbing the steps.


      b)  Calculate his average power output during the climb.


      c)  The energy to make the climb is transferred from the chemical energy store of the tourist. Eating one slice of bread provides 400 kJ of chemical energy. Calculate the number of slices of bread he should eat for breakfast to provide the energy for the climb.




          (Assume his body is 20% efficient at transferring energy from his chemical energy store to gravitational potential energy.)





      d)  Where is most of the energy from the tourist’s food transferred to?





  8  In Figure 1.48 a conveyor belt is used to lift bags of cement on a building site.
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      a)  A 40 kg bag of cement is lifted from the ground to the top of the building. Calculate its gain in gravitational potential energy.


      b)  The machine lifts five bags per minute to the top of the building. Calculate the useful energy delivered by the machine each second.


      c)  The machine is 35% efficient. Calculate the input power to the machine while it is lifting the bags.





  9  A car and its passengers have a combined mass of 1500 kg. The car is travelling at a speed of 15 m/s. It then increases speed to 25 m/s.




      Calculate the increase in kinetic energy of the car.





10  Figure 1.49 shows a Pirate Boat theme park ride which swings from A to B to C and back.




      a)  As the boat swings from A to B a child increases her kinetic energy store by 10 830 J. The child has a mass of 60 kg and sits in the centre of the boat. Calculate the speed of the child as the boat passes through B.


      b)  Sketch a graph to show how the child’s gravitational potential energy changes as the boat swings from A to B to C.


      c)  Calculate the change in height of the ride.




          (Assume the decrease in the gravitational potential energy store as the child falls is transferred to the kinetic energy store of the child.)
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11  An electric winch is used to pull a truck up a slope, as shown in Figure 1.50.
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      a)  How much work is done in lifting the truck 15 m?





      The winch uses a 6 kW electrical supply, and pulls the truck up the slope at a rate of 5 m/s.




      b)  How long does it take to pull the truck up the slope?


      c)  How much work is done by the winch?


      d)  Calculate the efficiency of the winch.





12  A barrage could be built across the estuary of the River Severn. This would make a lake with a surface area of about 200 km2 (200 million m2).




      Figure 1.51 shows that the sea level could change by 9 m between low and high tide; but the level in the lake would only change by 5 m.
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      a)  Calculate the gravitational potential energy transferred when a mass of 1 kg falls from A to B.


      b)  Calculate the number of cubic metres of water that flow out of the lake between high and low tides.


      c)  Calculate the mass of water that flows out between high and low tides. A cubic metre of water has a mass of 1000 kg.


      d)  Use your answers to parts (a) and (c) to calculate how much energy can be transferred from the tide. Assume that position A is the average position of a cubic metre of water between high and low tide.


      e)  The time between high and low tide is approximately 6 hours. Use this figure to calculate the average power available from the dam. Give your answer in megawatts.


      f)  What are the advantages and disadvantages of the Severn barrage as a possible source of power?
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1  Show that the mean (average) joulemeter reading was 15.0.
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2  In Susan’s investigation:




    a)  What range of weights was used?

    b)  What was the independent variable?

    c)  Which variable was controlled during the investigation?




3  How could Susan tell that the joulemeter she used did not have a zero error?

4  Copy and complete the table above by calculating the missing efficiency value.

5  Draw a graph of percentage efficiency against weight lifted.

6  What can you conclude from this investigation?
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of magnetic (potential) energy. b) The magnetic store of energy has reduced to zero,
and each magnet has 10 of kinetic energy, making a total store of 20J.
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Figure 1.30 How a tidal barrage works.
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A Figure 1.26 The world's supply
of fossil fuels will not last forever.
The information here shows current
estimates based on known reserves;
many more may be discovered.
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A Figure 1.2 Aball is thrown upwards
from the ground. In (a) the ball has 100J
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potential energy. In (b) the ball has 100J
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