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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


This guide is one of a series covering the Edexcel specification for A-level physics. It offers advice for the effective study of Topics 9, 10, 11, 12 and 13 (Thermodynamics, Space, Nuclear radiation, Gravitational fields and Oscillations). Its aim is to help you understand the physics — it is not intended as a shopping list that enables you to cram for the examination. The guide has two main sections:





•  Content Guidance This is not intended to be a detailed textbook. It offers guidance on the main areas of the content of the topics, with an emphasis on worked examples. The examples illustrate the types of question that you are likely to come across in the examination.



•  Questions & Answers This section comprises two sample tests. Test paper 1 has the same structure and style as an A-level paper 2 examination and test paper 2 has the structure of an A-level paper 3. Although most of the questions will be restricted to the topics in this guide, you are expected to have studied the topics of the core physics section. There will therefore be some questions or part questions on Topic 3 (Materials) and Topic 4 (Waves and the particle nature of light) in test paper 1, while in test paper 2 there may be some synoptic questions requiring knowledge of all of the core physics topics.


    Answers are provided. In some cases, distinction is made between responses that might have been written by an A-grade student and those typical of a C-grade student. Common errors made by students are also highlighted so that you, hopefully, do not make the same mistakes.





The purpose of this book is to help you with A-level papers 2 and 3, but don’t forget that what you are doing is learning physics, so you should also consult a standard textbook for more information. Physics is a logical discipline and, to truly understand it, you need to have a feeling for how the concepts you are dealing with fit into the broader picture of the subject.


A deep understanding of physics can develop only with experience, which means time spent thinking about physics, working with it and solving problems. This book provides you with a platform for doing this. If you try all the worked examples and the tests before looking at the answers, you will begin to think for yourself and develop the necessary techniques for answering examination questions effectively. In addition, you will need to learn the basic formulae, definitions and experiments. Thus prepared, you will be able to approach the examination with confidence.


The specification outlines the physics that will be examined in the A-level examinations and describes the format of those tests. This is not necessarily the same as what teachers might choose to teach (or what you might choose to learn).


The specification can be obtained from Edexcel, either as a printed document or from the web at www.edexcel.com.





Content Guidance


Thermodynamics


Thermodynamics is the study of energy transferred by heating and working. It is best illustrated by the action of a heat engine, where heat is transferred into the engine after the combustion of the fuel and work is done by the engine in moving a force through a distance. It should be noted that the flow of heat into the engine always travels from a region of high to low temperature and that the process of heat flow occurs at a molecular level, while work is done on a macroscopic scale.


It should be stressed that heat is energy in transit and it is not correct to state that a body possesses heat energy. The atomic or molecular energy is called the internal energy of an object.



Specific heat capacity


When a hot object is in thermal contact with a cooler body, there will be a net flow of energy from the region of high temperature to the lower one. If no energy is added to or removed from the system, the temperature of the hot body will fall and that of the cold one will increase. The rise or fall in temperature is dependent on the energy transferred, the masses of the bodies and the nature of the molecular structure of the material or its specific heat capacity, c.
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Later in this section, the relationship between temperature and the average kinetic energy of molecules will be developed. One kilogram of aluminium contains more atoms than 1 kilogram of copper. The same increase in internal energy will therefore be shared by fewer particles in the copper, and so the average energy of each will be larger than for aluminium. It follows that more energy is needed to raise the temperature of 1 kilogram of aluminium by 1 kelvin than is needed for 1 kilogram of copper.
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Exam tip


It is a common error to refer to the internal energy of a body as the ‘heat contained within it’.
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Knowledge check 1


How much energy is needed to raise the temperature of 400 g of water from 20°C to 80°C? (The specific heat capacity of water is 4200 J kg−1 K−1.)
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Worked example


A student set up this apparatus to measure the specific heat capacity of aluminium.
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A heater was placed in the block and connected to a power supply. The initial temperature of the block was measured and the supply was switched on. After 10 minutes the power was switched off and the final temperature was recorded. The student’s results are given below:





•  mass of block, m = 0.800 kg



•  voltage, V = 12.0 V



•  current, I = 3.2 A



•  initial temperature of block = 18.0°C; final temperature = 46.0°C








a  Show that the student’s results give a value of about 1000 J kg−1 K−1 for the specific heat capacity of aluminium.



b  The accepted value of the specific heat capacity of aluminium is 960 J kg−1 K−1. Suggest the likely explanation of why the student’s value is higher than this.





Answer





a  [image: ]




b  As the block gets hotter, heat will be lost to the surroundings, so not all of the electrical energy from the heater is used to heat the aluminium. The value used for ΔE in the calculation is therefore higher than it should be, and so the calculated value of c will also be too big.
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Exam tip


You are expected to know the expression for electrical energy used in the first student guide of this series.
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In experiments to determine specific heat capacities, heat energy, ΔQ, may be lost to or gained from the surroundings:
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To minimise this effect, a body being heated needs to be well insulated, or an allowance made to compensate for the loss. For example, in the case of a body being heated, it could be initially cooled to, say, 10°C below room temperature and then heated to 10°C above.


Another method of eliminating heat loss is to plot a temperature against time graph (this can be achieved using a temperature sensor and data logger). The gradient of the graph (Δθ/Δt) at room temperature is measured and, if the power input is known, the specific heat capacity is found using:
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If the energy is supplied from an electrical source, then P = VI, and at room temperature no heat is lost or gained from the body, so ΔQ/Δt is zero.
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Knowledge check 2


Explain why water is often used as a coolant in car engines and some power stations.
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Steady state conditions


Energy can be transferred continuously to moving fluids to achieve a fixed rise in temperature. For example, a hot-water boiler may supply heat to cold water so that it leaves the boiler at a constant temperature. When this occurs, steady state conditions have been reached and the output temperature of the water will depend on the power input, the specific heat capacity of water and the rate of flow (Δm/Δt):
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To achieve steady state conditions (i.e. keep a system at constant temperature) a thermostat can be used. If the temperature falls below the desired value a heater is switched on and heat flows into the system. When the required temperature is reached the heater is switched off.


Such a device can be constructed using a thermistor as part of a potential divider circuit (see the Electrical circuits section in the first student guide of this series).
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Exam tip


Steady state conditions exist when the rate of flow of heat into a system equals the rate at which the heat leaves the system. The temperature of the system will remain constant.
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Worked example
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The table shows the values of the resistance of the thermistor over the temperature range 10°C–35°C.
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The electronic switch will turn on the heater when the output of the potential divider rises to 2.7 V.


Calculate the resistance of the thermistor when the heater is switched on and estimate the temperature at which this occurs.


Answer
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Core practical 12


Calibrate a thermistor in a potential divider circuit as a thermostat


Core practical 12 requires you to calibrate a thermistor in a potential divider circuit. You will need to be able to construct the circuit and use a graphical method to determine a temperature scale.
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Solids, liquids and gases


Matter normally exists in one of three states:





•  Solid Has a fixed shape and volume. This is due to strong interatomic forces (bonds) that keep the particles in fixed positions relative to their neighbours. The internal energy of a solid is the sum of the potential energy in the bonds and the vibrational kinetic energy of the atoms.



•  Liquid Has a fixed volume but takes the shape of its container. The bonds between the atoms or molecules are strong enough to keep them attached to their neighbours, but allow them to move relative to each other. The internal energy of a liquid is the sum of the potential energy in the bonds and the kinetic energy of the particles.



•  Gas Takes the shape and volume of its container. There are virtually no bonds between the molecules and they move freely in a container unless they collide with their neighbours or the walls of the container. The internal energy of a gas is primarily the kinetic energy of the moving molecules (see p. 12).





When a change of state occurs (e.g. ice to water, water to steam, and vice versa) energy is needed or released when the nature of the bonds is changed.



Specific latent heat


The amount of energy needed to change a solid to a liquid (or that released when a liquid freezes) depends on the nature of the bonds and the quantity of the solid to be melted. For a particular substance this is known as the specific latent heat of fusion of the material.


Similarly, different quantities of energy are needed (or released) when liquids change into vapour or condense. This is known as the specific latent heat of vaporisation of the substance.


The specific latent heat, L, can be expressed using the equation:
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Knowledge check 3


Calculate the heat energy needed to convert 200 g of ice at −10°C to steam at 100°C. (SHC of ice = 2000 J kg−1K−1; SHC of water = 4200 J kg−1 K−1; SLH of fusion of ice = 330 000 J kg−1, SLH of vaporisation of water = 2 300 000 J kg−1)
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Worked example


A heater is covered in crushed melting ice in a funnel, as shown in Figure 3.
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The heater is switched on and when the melted ice is dripping steadily from the funnel, the beaker is replaced with an empty one and a stop-clock is started. After 10 minutes the beaker is taken away and weighed.


The following results were taken:





•  potential difference, V = 12 V



•  current, I = 1.5 A



•  mass of melted ice Δm = 20.8 g








a  Use the results to find the value of the specific latent heat of fusion of ice.



b  This value is less than the accepted value of LF (540 000 J kg−1). Give one possible cause for this difference.





Answer





a  [image: ]




b  The room temperature is likely to be greater than that of the melting ice and so heat energy will be transferred from the surroundings. This will mean that the mass of melted ice will be more than that melted by the heater alone, giving a smaller value of L.
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Core practical 13


Determine the specific latent heat of a phase change


Core practical 13 requires you to determine the specific latent heat of a phase change. You will need to know the details of an experiment for either the specific latent heat of fusion (e.g. ice to water) or the specific heat of vaporisation (e.g. water to steam), including safety precautions and any special methods used to minimise heat loss/gain to/from the surroundings.
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