



[image: ]








[image: ]






Philip Allan, an imprint of Hodder Education, an Hachette UK company, Market Place, Deddington, Oxfordshire OX15 0SE


Orders
Bookpoint Ltd, 130 Milton Park, Abingdon, Oxfordshire OX14 4SB
tel: 01235 827827
fax: 01235 400401
e-mail: education@bookpoint.co.uk
Lines are open 9.00 a.m.–5.00 p.m., Monday to Saturday, with a 24-hour message answering service. You can also order through the Philip Allan website: www.philipallan.co.uk


© Mike Benn 2013


ISBN 978-1-4441-7385-7
eISBN 978-1-4441-7387-1


First printed 2013
Impression number 5 4 3 2 1
Year 2018 2017 2016 2015 2014 2013


All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any other form or by any means, electronic, mechanical, photocopying, recording or otherwise without either the prior written permission of Philip Allan or a licence permitting restricted copying in the United Kingdom issued by the Copyright Licensing Agency Ltd, Saffron House, 6–10 Kirby Street, London EC1N 8TS.


Cover photo: Fotolia


Typeset by Integra Software Services Pvt. Ltd., Pondicherry, India


Printed in Dubai


Hachette UK’s policy is to use papers that are natural, renewable and recyclable products and made from wood grown in sustainable forests. The logging and manufacturing processes are expected to conform to the environmental regulations of the country of origin.





Getting the most from this book






[image: ]






Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit 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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Summary




•  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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Questions & Answers
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About this book



This guide is one of a series covering the Edexcel specification for AS and A2 physics. It offers advice for the effective study of Unit 5: Physics from Creation to Collapse. Its aim is to help you to understand the physics — it is not intended as a shopping list that enables you to cram for the examination.


The guide has two sections:




•  Content Guidance — this is not intended to be a detailed textbook. It offers guidance on the main areas of the content of Unit 5, with an emphasis on worked examples. These examples illustrate the types of question that you are likely to come across in the examination.


•  Questions and Answers — this contains two unit tests, presented in a format close to that of an actual Edexcel examination and using questions similar to those in recent past papers, to give the widest possible coverage of the unit content. 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!





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 unit 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 need to learn all 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 unit tests and describes the format of those tests. This is not necessarily the same as your teachers might choose to teach (or what you may choose to learn).


The purpose of the book is to help you with the Unit 5 test, but don’t forget that what you are doing is learning physics. The specification can be obtained from Edexcel, either as a printed document or from the web at www.edexcel.com.





Content Guidance


Thermal energy


Thermal energy, or heat, is the transfer of energy from a hot (high temperature) body to a cold body.


In this section we will examine the effect of heat on different materials, and look into the behaviour of gases by studying the equation of state of an ideal gas and the kinetic theory of gases.




•  Heat is energy transfer from a body or region of high temperature to one of lower temperature.


•  Internal energy is the sum of the kinetic energy of the molecules within a body and the potential energy of the bonds between the molecules.
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Examiner 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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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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units: Jkg−1K−1


ΔE = mcΔθ


Later in this section, the relationship between temperature and the average kinetic energy of molecules will be developed. A kilogram of water contains more molecules than there are atoms in 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 water. It follows that more energy is needed to raise the temperature of 1 kilogram of water by 1 kelvin than is needed for 1 kilogram of copper.
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Knowledge check 1


How much energy is needed to raise the temperature of 400g of water from 20°C to 80°C? (The specific heat capacity of water is 4200Jkg−1K−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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Figure 1


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 maximum temperature was recorded. The student’s results are given below:


mass of block, m = 0.800kg


voltage, V = 12.0V


current, I = 3.2A


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





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



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





Answer





(a) ΔE = Vlt = mcΔθ





     [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 transferred to 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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Examiner tip


You are expected to know the expression for electrical energy used in Unit 2.
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In experiments to determine specific heat capacities, heat energy, ΔQ, may be lost to or gained from the surroundings:


ΔE = mcΔθ ± ΔQ


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 done using a temperature sensor and data logger). The gradient of the graph [image: ] 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 [image: ] 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 temperature rise will depend on the power input, the specific heat capacity of water and the rate of flow [image: ]:
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Examiner tip


Steady state conditions exist when the rate of flow of heat into a system equals the rate at which heat leaves the system. The temperature of the system will remain constant.
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The gas laws


When gases are heated, cooled, compressed or expanded, there are interrelated variations in pressure, volume and temperature. Observations of these variations led to three ‘laws’ that apply to most gases over a range of temperatures and pressures. They are Boyle’s law, Charles’ law and the pressure law.




•  Boyle’s law states that for a fixed mass of gas at constant temperature, the pressure is inversely proportional to the volume:
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•  Charles’ law states that for a fixed mass of gas at constant pressure, the volume is proportional to the temperature in kelvins:





V ∝ T




•  The pressure law states that for a fixed mass of gas at constant volume, the pressure is directly proportional to the temperature in kelvins:





p ∝ T
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Examiner tip


In most gas law questions the temperature will be quoted in °C. You must remember to convert to K for all calculations.





[image: ]





The laws can be represented by the following equations:




•  Boyle’s law: p1V1 = p2V2 at constant temperature


•  Charles’ law: V1/T1 = V2/T2 at constant pressure


•  The pressure law: p1/T1 = p2/T2 at constant volume





You will be expected to know details of experiments to test these relationships. Data logging devices using pressure, temperature and displacement sensors are recommended.


Graphical representations of the gas laws are shown in Figure 2.
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Figure 2
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Knowledge check 3




(a) 200ml of air at a pressure of 1.0 × 105Pa are compressed to a volume of 100ml at a constant temperature of 27°C. Calculate the pressure of the gas after the compression.


(b) The temperature is now raised to 177°C and the gas is allowed to expand at constant pressure. Calculate the final volume of the gas.
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Examiner tip


In gas law calculations it is not always necessary to convert units of pressure and volume into SI values. If the initial pressure and volume are given in mm of mercury and ml, the final answers will have the same units.
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These laws hold for most gases at low pressure and high temperature, but at high pressures and low temperatures they do not apply, and some gases may even liquefy.


Ideal gases


An ideal gas obeys Boyle’s law at all temperatures, meaning that it will never liquefy and that there are no intermolecular forces. The internal energy is therefore solely kinetic.


An ideal gas is defined by the ‘equation of state’:


pV = nRT for n moles of a gas


R is the universal molar gas constant — its value is 8.31JK−1mol−1. The Edexcel specification defines an ideal gas in terms of the number of molecules, N, of the gas. One mole of a gas contains Avogadro’s number (NA) of particles, so the number of moles for N molecules will be [image: ].
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Examiner tip


It is useful to be aware that the number of moles, n, can also be found by dividing the mass of the gas by its molar mass. The molar mass of carbon-12 is defined as 12g, so to determine the molar mass of other elements simply state the nucleon number in grams. For example, the mass of a mole of nitrogen atoms is 14g; a mole of nitrogen molecules (N2) has a mass of 28g.
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The equation of state can be written:


[image: ]


The constant, k (= R/NA), is the Boltzmann constant, which has a value of 1.38 × 10−23JK−1. The equation of state for an ideal gas is given in terms of the number of molecules and the Boltzmann constant in the data sheet at the end of the examination paper, together with the value of k.





[image: ]






Knowledge check 4


Calculate the number of moles of oxygen molecules in 48g of oxygen gas. How many molecules of oxygen make up this mass?
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Worked example


An ideal gas is contained in a volume of 1.2 × 10−3m−3. Calculate the number of molecules within the container if the pressure of the gas is 2.0 × 105Pa and the temperature is 57°C.


Answer
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Examiner tip


There are two constants on the data sheet represented by the letter k (Boltzmann constant and Coulomb’s law constant). Make sure that you choose the appropriate value.
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Kinetic theory for an ideal gas


The kinetic model of a gas is described in terms of vast numbers of particles moving randomly in a container. The temperature of the gas is related to the speed of the particles, and the pressure on the walls of the container is produced by the momentum changes of the particles as they collide with the walls.
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