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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages iv and v to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised the exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.


Features to help you succeed
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Exam tips and summaries


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam. The summaries provide a quick-check bullet list for each topic.
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Typical mistakes


The author identifies the typical mistakes students make and explains how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at the back of the book.
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Definitions of key terms


Clear, concise definitions of essential key terms are provided where they first appear.
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Exam practice


Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.
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Online


Go online to check your answers to the exam practice questions and to try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads
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Required practical


The exam board lists some practicals that you are required to do and understand. These are summarised under this heading.
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Working scientifically


A section on this subject reminds you about the skills you have learnt throughout the course, and shows you how these are examined.
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Countdown to my exams
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6–8 weeks to go





•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages iv and v to familiarise yourself with the topics.



•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.



•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.



•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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2–6 weeks to go





•  Read through the relevant sections of this book and refer to the exam tips, summaries, typical mistakes and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.



•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.



•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.



•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads




•  Try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.



•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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One week to go





•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.



•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.



•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination





•  Flick through these Revision Notes for useful reminders, for example the exam tips, summaries, typical mistakes and key terms.



•  Check the time and place of your examination.



•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water, sweets.



•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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My exams


GCSE Physics Paper 1 (Topics 1–4)


Date:…………………


Time:…………………


Location:…………………


GCSE Physics Paper 2 (Topics 5–8)


Date:…………………


Time:…………………


Location:…………………
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Working scientifically



Assessment objectives


When you study a science subject for GCSE, you gain a lot of knowledge and understanding of scientific ideas, techniques and procedures. However, good scientists do not just know facts, they apply their knowledge and understanding to solve unfamiliar problems. Scientists also have the skills to analyse and interpret information that they have gained from experimental observation, and then to draw conclusions. When GCSE examiners set your exam papers, they have these skills in mind.


You will have acquired these skills as your teacher led you through the course, but you also need to revise these skills as you work through this book. You must be active as you revise: reading the text will reinforce your knowledge and understanding, but you will only learn to apply your knowledge and understanding by answering questions. You will find that the questions in the book cover the practical work that you did in the course, including the ten required practicals.


The sections below offer a reminder of how you learnt to think as a scientist throughout your course.


Development of scientific thinking





1  Understand how scientific methods and theories develop over time. For example, the nuclear model of the atom was proposed after new evidence.



2  Use a variety of models to solve problems and make predictions. For example, we use the particle model of gases to explain how a gas exerts a pressure.



3  Consider the limitations of science and consider ethical issues. For example, the Big Bang Theory leaves questions unanswered; we should be aware of the ethical issues of generating electricity from fossil fuels.



4  Explain everyday and technological applications of science. For example, the knowledge of physics is used extensively in the design of cars.



5  Evaluate risks in a social context. For example, we must evaluate the risks and benefits of using radioactive sources in medicine.



6  Recognise the importance of peer review of results and of communicating results to a range of audiences. For example, we accept Newton’s laws of motion as universally true, because they have been tested frequently and found to be true – and you have tested them too during your course.





Experimental skills and strategies


You have been taught about experimental skills throughout the course, and some of these ideas will be tested in your GCSE exams:





1  Develop hypotheses using scientific theories and explanations.



2  Plan experiments. For example, plan an experiment to measure the speed of sound.



3  Choose appropriate instruments, apparatus and techniques.



4  Carry out experiments appropriately and safely.



5  Recognise how many measurements should be taken to ensure a representative sample.



6  Make and record observations.



7  Evaluate your method and suggest possible improvements.





Analysis and evaluation





1  Present data using an appropriate method. For example, you need to be able to construct tables and plot graphs.



2  Translate data from one form to another. For example, you need to be able to interpret data from graphs.



3  Carry out mathematical analysis – there is plenty of practice in this book. For example:







    •  Use an appropriate number of significant figures in calculations.


    •  Find an arithmetic mean.


    •  Change the subject of an equation. (This is a vital skill.)



    •  Substitute numerical values into equations and use appropriate units for physical quantities.


    •  Determine the slope of a linear graph.


    •  Draw and use the slope of a tangent to a curve as a measure of the rate of change.


    •  Understand the significance of the area under a graph and measure it by counting squares. For example, the area under a velocity–time graph is the distance travelled.








4  Make estimates of uncertainty.



5  Identify patterns and trends in data. Draw conclusions from given observations.



6  Comment on the extent to which data supports a hypothesis.



7  Evaluate data in terms of accuracy, precision, repeatability and reproducibility, and identify sources of systematic and random errors.







    •  An accurate measurement is one that is close to the true value.


    •  Measurements are precise if they cluster closely.


    •  Measurements are repeatable when measurements, under similar circumstances, give similar results.


    •  Random errors are caused by results varying in unpredictable ways, and can be reduced by making more measurements and reporting a mean value.


    •  A systematic error is due to measurement results differing from the true value by a consistent amount each time. For example, an ammeter might always read too high a value of the current.


    •  You should be able to recognise and ignore anomalous results.








8  Present coherent and logical accounts using experimental skills and analysis and evaluation.





Scientific, vocabulary, quantities, units, symbols and nomenclature





1  Use scientific vocabulary, terminology and definitions. For example, when you describe waves, the words wavelength, amplitude and frequency have precise meanings.



2  Recognise the importance of scientific quantities. For example, the gravitational field strength, g = 9.8 N/kg.



3  Use the correct units. For example, joules, J; millimetres, mm.



4  Use prefixes and powers of ten for orders of magnitude.
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5  Interconvert units. For example 1000 milliseconds = 1 second.



6  Work to an appropriate number of significant figures. If data is given to 2 significant figures, give your answer to 2 significant figures.








1 Energy



Energy changes in a system, and the ways energy is stored before and after such changes


A system is an object or group of objects. There are changes in the way energy is stored when a system changes.





•  Throwing an object upwards
When you throw a ball upwards, just after the ball leaves your hand, it has a store of kinetic energy. By the time the ball reaches its highest point, the kinetic energy has been transferred to a gravitational potential energy store. Just before you catch the ball, it has a store of kinetic energy again.



•  A moving object hitting an obstacle
If you drop a lump of clay, it sticks to the ground. Just before the clay hits the ground, it has a store of kinetic energy. After it has hit the ground, the kinetic energy has all been transferred to thermal energy, which is stored in the clay or in the surroundings. We hear a sound when the clay hits the ground, but the sound is quickly dissipated as thermal energy in the surroundings.



•  Accelerating a car with a constant force
A force on the car does work to accelerate the car. There is a store of chemical energy in the car’s petrol. As the petrol burns, it transfers energy into the kinetic energy store of the moving car and also into the thermal store of the surroundings.



•  Heating a resistor
When a current flows through a resistor, energy is transferred by electrical work. Energy is transferred from the chemical store in the battery into the thermal store of the resistor and then into the thermal store of the surroundings.







[image: ]


Exam tip


Energy can be transferred from one store to another.
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Energy stores


When a system changes, energy can be transferred from one energy store to another.


You will meet the following energy stores in your GCSE course:





•  kinetic



•  chemical



•  gravitational potential



•  magnetic



•  elastic potential



•  electrostatic



•  thermal (or internal)



•  nuclear.
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Exam tip


Remember there are eight stores of energy.
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Pathways to transfer energy


Energy can be transferred from one store to another by one of the following paths:





•  heating



•  work done by forces



•  work done when a current flows



•  electromagnetic radiation or mechanical radiation (shock waves and sound).
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Example


A battery drives an electric motor that lifts a mass. Figure 1.1 shows the energy transfers that occur.
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•  Chemical energy is transferred from the battery by electrical work.



•  The motor transfers gravitational potential energy to the mass by mechanical work.



•  The motor also transfers energy to the thermal store of the surroundings by heating and mechanical radiation (sound).





At the start of the process, energy is stored in the battery; at the end, that energy is stored in the gravitational store of the mass and the thermal store of the surroundings.


The motor has a temporary store of kinetic energy when it turns.
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Typical mistake


Do not describe light, sound and ‘electrical energy’ as types of energy or energy stores. Light, sound and electrical work are ways in which energy can be transferred from one store to another.
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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.
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Example
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•  At (a) the ball has 100 J of kinetic energy and 0 gravitational potential energy.



•  At (b) the ball has 0 kinetic energy and 100 J of gravitational potential energy.
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Exam tip


Energy is always conserved. The total amount of energy is the same at the beginning of a process as at the end.
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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 a process, energy can be transferred from one store to another, but it cannot be created or destroyed.
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Now test yourself





1  Describe the energy stored in each of the following:







    (a)  hot water in a bath


    (b)  a car battery


    (c)  a litre of petrol


    (d)  a moving train


    (e)  a golf ball in flight


    (f)  a stretched spring.








2  Describe the changes involved in the way energy is stored when the following changes to a system occur. Explain where energy is stored at the beginning and end of each process.







    (a)  A car is brought to a halt by applying its brakes.


    (b)  An aeroplane accelerates along a runway and takes off.


    (c)  A cell lights a torch lamp.


    (d)  A hot cup of coffee cools down.








3  Figure 1.3 shows a ball falling from A to B. Write down the missing values of potential and kinetic energy.
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Answers on p. 141
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Changes in energy


Kinetic energy


The kinetic energy of a moving object can be calculated using the equation:
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kinetic energy, Ek, in joules, J


mass, m, in kilograms, kg


speed, v, in metres per second, m/s
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Elastic potential energy


The amount of elastic potential energy stored in a stretched spring can be calculated using the equation:
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(assuming the limit of proportionality has not been exceeded).




[image: ]


elastic potential energy, Ee, in joules, J


spring constant, k, in newtons per metre, N/m


extension, e, in metres, m
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Gravitational potential energy


The gravitational potential energy gained by an object raised above the ground can be calculated using the equation:
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gravitational potential energy, Ep, in joules, J


gravitational field strength, g, in newtons per kilogram, N/kg


height, h, in metres, m


[image: ]







[image: ]


Examples





1  Calculate the gravitational potential energy gained by a boy of mass 55 kg who climbs a flight of stairs 3.8 m high.



2  Calculate the elastic potential energy stored in a spring extended by 6.0 cm, which has a spring constant of 50 N/m.



3  Calculate the change in kinetic energy when a car of mass 1400 kg slows from 20 m/s to 10 m/s.





Answers





1  [image: ]









2  [image: ]









3  [image: ]
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Typical mistake


You must always convert cm to m to get the energy in joules, J.
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Exam tip


You should express your answer to the same number of significant figures as the data in the question. However, you will not be penalised over significant figures unless the question specifically asks for them.
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Energy transfers and calculations


The equations for kinetic energy, elastic potential energy and gravitational potential energy may also be used to make calculations and predictions when a process causes energy to be transferred from one energy store to another.


Gravitational potential and kinetic energy stores
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Example


A ball of mass 0.15 kg is thrown vertically upwards with a speed of 20 m/s.





1  Calculate the kinetic energy of the ball.



2  Calculate the maximum height to which the ball rises.





Answer





1  [image: ]









2  The energy in the ball’s kinetic store is all transferred to the ball’s gravitational potential energy store when it reaches its maximum height.
So the maximum Ep is 30 J.
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Maths note


The problem with the ball can be solved more quickly as follows:


Ek is transferred to Ep.


So,
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Now test yourself




  4  Calculate the increase in the gravitational energy store of a girl of mass 45 kg who climbs to the top of the Shard, which has a height of 310 m. Gravitational field strength g = 9.8 N/kg.


  5  Calculate the kinetic energy of a bullet with a mass of 20 g, travelling at a speed of 700 m/s.


  6  A car with a mass of 900 kg increases its speed from 12 m/s to 18 m/s. Calculate the increase in the car’s kinetic energy store. Express your answer in kilojoules.


  7  A car suspension spring has a spring constant of 1800 N/m. Calculate the elastic potential energy stored in the spring when it is compressed by 10 cm.


  8  A stone of mass 0.08 kg is dropped from a bridge into a river 12 m below.







      (a)  Calculate the stone’s gravitational potential energy 12 m above the river.


      (b)  Calculate the speed of the stone as it hits the river.


      (c)  The stone comes to rest on the riverbed. Explain where the stone’s original gravitational potential energy is stored now.








  9  Figure 1.4 shows a gymnast bouncing on a trampoline. She has a mass of 52 kg. After dropping from a height of 4.0 m, the trampoline has been stretched by 0.9 m.
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      (a)  Calculate the gymnast’s potential energy, 4.0m above her lowest point.


      (b)  State the elastic potential energy stored in the trampoline after it has been stretched by 0.9 m.


      (c)  Use your answer to (b) to calculate the spring constant for the trampoline.








10  A bow has a spring constant of 300 N/m; it is used to shoot an arrow of mass 30 g. The bow string is pulled back 0.9 m before the arrow is released.







      (a)  Calculate the elastic potential energy stored in the bow when the string has been pulled back by 0.9 m.


      (b)  Assuming all the bow’s elastic potential energy is transferred to the arrow’s kinetic energy, calculate the arrow’s speed when it is released.





Answers on p. 141
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Work and power


Work


A force does work on an object when the force causes an object to move in the direction of the force.
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work, W, in joules, J


force, F, in newtons, N


distance, s, in metres, m


[image: ]





When work is done by a force, the energy store of an object changes. For example:





•  When 400 J of work is done to lift a box, the gravitational potential energy store of the box increases by 400 J.



•  When 5000 J of work is done to accelerate a car, the kinetic energy store of the car increases by 5000 J.
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Exam tip


Note, the equation for work will only be examined in the second paper. The equation is included here to help you with the definition of power.
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Power


Power is the rate at which energy is transferred or the rate at which work is done.
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power, P, in watts, W


energy, E, transferred in joules, J


work done, W, in joules, J


time, t, in seconds, s
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Now test yourself





11  State the correct unit for each of the following:







      (a)  force


      (b)  power


      (c)  energy


      (d)  work.








12  A weightlifter lifts a weightlifting bar of total mass 110 kg, from the ground above his head, to a height of 2.3 m. Gravitational field strength is 9.8 N/kg.







      (a)  Calculate the increase in the gravitational potential energy store of the weightlifting bar.


      (b)  The lift took 1.7 s. Calculate the average power developed to lift the weights.








13  An astronaut has a mass of 120 kg in his spacesuit. He needs to climb 8.0 m up a ladder into his spacecraft, which has landed on Mars. The gravitational field strength on Mars is 3.7 N/kg.







      (a)  Calculate the astronaut’s weight on Mars.


      (b)  Calculate the increase to his gravitational potential energy store after climbing up the ladder.


      (c)  Describe the energy transfers that take place as the astronaut climbs back into the spacecraft.








14  A crane lifts a weight of 15 000 N through a height of 28 m in 84 s. Calculate the output power of the crane in kW.



15  An electrical heater transfers 3000 J of thermal energy to a cup of water in 2 minutes. Calculate the power of the heater.






Answers on p. 142
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Energy changes in systems


The amount of thermal energy stored in or released from a system as its temperature changes can be calculated using the equation:
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change in thermal energy, ΔE, in joules, J


mass, m, in kilograms, kg


specific heat capacity, c, in joules per kilogram per degree Celsius, J/kg °C


temperature change, Δθ, in degrees Celsius, °C
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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.
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Required practical 1


An investigation to measure the specific heat capacity of a material


There are several ways to measure specific heat capacity. All methods rely on the same principle: the decrease in one energy store (or work done) leads to the increase in thermal energy store of another material.


The apparatus shown in Figure 1.5 is used to warm up a steel block.





[image: ]




The following results were recorded:





•  Electrical work done by the power supply to heat the steel was 5680 J.



•  The initial temperature of the steel block was 18.2 °C.



•  The final temperature of the steel block was 27.9 °C.



•  Mass of the block was 1.2 kg.
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The accepted value for the specific heat capacity of steel is 450 J/kg °C.


The measured value in a school laboratory is usually higher than the accepted value because:





•  no account is made of thermal energy transfer to the surroundings



•  the thermometer and heater require energy to warm them up too.





These are examples of systematic errors, because they always affect the answer by the same amount.
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