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Introduction


Welcome to this revision book!


And welcome to National 5 (N5) Physics! This book is designed to help you.


N5 Physics is enjoyable, interesting and relevant to life in the twenty-first century. It is also very useful if you want to progress to Higher Physics, apply to college or get a job.


The examination is fair. Prepare properly for it and you will do well.


Good luck!


How to use this book


This book covers everything you need for N5 Physics. It also includes tips and hints about how to answer exam questions and about what SQA expects you to do.


The Introduction covers skills that you need for the course – general things like units, prefixes and scientific notation. It also includes advice on how to prepare for the exam. You should refer to this chapter often while you are preparing for your prelim and for the final exam.


The next six chapters cover the knowledge and understanding of the six sections detailed in the Course Specification.


Each chapter is written in topics. At the start of each topic there is a summary of what you need to be able to do. You can use these summaries to help you prepare a study checklist for your prelim or for the final examination.


Study the topics one at a time – in any order you like. Studying for long periods without any breaks is not an effective way of learning. It is better to study intensively for short periods, taking regular breaks to give your brain time to relax.


Some topics include examples that show you how to answer exam questions. All of the topics in Chapters 1 to 6 include questions for you to try. Just like in the final examination, some of the questions are straightforward and some are more difficult.


Answers to all of the questions are provided in the Solutions to exercises section at the back of the book. For maximum benefit, try to answer the questions without looking at the answers. If you do not know how to tackle a question, the answers are there to help you. Use the answers wisely and you will learn a lot.


Study all the topics and try all the questions before you sit the final examination.




Units, prefixes and scientific notation


For N5 Physics you need to be able to:





•  use the SI units of all the physical quantities included in the course



•  give answers to calculations to an appropriate number of figures



•  understand and use scientific notation



•  understand and use the prefixes n, μ, m, k, M and G.





Units


You have to be able to use the International System of Units (SI) of all the physical quantities included in the N5 Physics course. A full list of these quantities is included in the table at the end of this section.
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Hints & tips


Get into the habit of using the correct SI units every time you tackle a numerical problem. Then, by the time you sit the examination, you will get the units correct without having to think about them.
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In N5 Physics, there is a mark for the final answer to a numerical problem. To gain this mark your final answer must have the correct number and the correct unit for the quantity. Write your numerical answers in the form:
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It may not seem much, but making sure you get the marks for final answers can soon make the difference between passing and failing.


You do not have to write units in the middle of calculations, but your statement of the final answer must include the correct unit.


Significant figures


The number of figures in your final answer to a numerical question (or part of a question) should be the same as the minimum number of significant figures given in the data that you use to work out the answer.


Do not round intermediate values to the number of significant figures in the question. Keep one additional figure in intermediate values and round only when you write your final answer. This method is used in the examples and in the solutions to the exercises in this book.


Your examination booklet will contain a Data Sheet. Be careful when you use data from the Data Sheet as this data may have fewer significant figures than data given in the question.


Having too many or too few figures in final answers can cost you marks – do not let this be the reason you do not pass your N5 Physics!


Scientific notation


Some of the data used in this course are very large or very small numbers. You have to understand the notation for these numbers and be able to use it correctly.


For example, speed of light in a vacuum = 3·0 × 108 m s−1.


Make sure you practise using scientific notation often!



Prefixes


The table below includes all the prefixes that you need to understand for N5 Physics. Learn them and get into the habit of using them.
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The kilogram is the SI unit for mass – do not change kilograms to grams.


Physical quantities in National 5 Physics


The table below shows all the quantities that you will meet in N5 Physics, with their symbols, units and abbreviations.




[image: ]







[image: ]






Preparing for the exam


On the day of your N5 Physics exam you need to:





•  be aware of what the exam involves



•  know how to answer multiple-choice questions



•  present answers to numerical questions so that you gain as many marks as possible



•  write clear, understandable and relevant descriptions, explanations and conclusions



•  manage your time so that you complete the whole paper.





The N5 Physics exam


The N5 Physics exam lasts for 2 hours and 30 minutes and is marked out of a total of 135 marks. Questions will be spread across all six content areas of the course: Dynamics, Space, Electricity, Properties of matter, Waves and Radiation.


At the start of the paper there are multiple-choice questions worth a total of 25 marks. The remaining 110 marks require responses of a few words or sentences, or numerical calculations. The score for the 110-mark section is scaled to 75 and this is added to your multiple-choice score to give a total out of 100.


The majority of the marks will be awarded for applying your knowledge and understanding. The remaining marks will be awarded for applying scientific enquiry, scientific analytical thinking and problem solving.
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Key points


Knowledge and understanding questions test your ability to:





•  use quantities and units



•  use relationships to solve straightforward numerical problems



•  apply Physics principles in familiar situations



•  describe familiar models, for example the nuclear model of the atom.
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It is very important that you gain as many marks as possible for the knowledge and understanding questions. This will give you a solid basis for passing the exam and achieving a good grade.


You will only be able to get these marks if you prepare carefully for the exam – so study properly!
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Key points


Questions on problem solving, scientific enquiry and analytical thinking and skills test your ability to:





•  select and present relevant information in experimental and other contexts



•  solve numerical questions in a variety of contexts



•  draw valid conclusions from information



•  explain observations



•  plan, design and evaluate experimental procedures



•  integrate skills across the course.
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Some of the problem solving questions may be set in reasonably familiar situations.


The remaining questions may be set in contexts that you have never seen before. These questions are generally the most difficult in the exam. Do not panic when you find questions like this. You can easily pass your N5 without getting marks for these questions. You will need to get marks in these questions if you want to get a grade A, however.


Multiple-choice questions


Do not expect all the multiple-choice questions to be easy. Some will be straightforward and some will be difficult.


In N5 Physics there is one correct answer to each multiple-choice question. There are also four wrong answers designed to distract you. A good way to avoid being distracted is to cover the possible answers while you read and think about the question.


If you can, work out an answer before looking at the possible answers given in the question. If you are not sure, improve your chances by eliminating the answers that you know are definitely wrong. If you are completely stuck, guess.


Do not spend too long on the multiple-choice questions – about 20–25 minutes should leave you enough time to complete the rest of the paper.


Numerical questions


When you are doing numerical questions, follow the steps below – this will help you to get as many marks as possible.





1  Collect data in a column on the left-hand side of the page. Use the symbols used by SQA and include the symbol for the quantity you want to find (remember, you may need data from the Data Sheet).



2  Check the units of each piece of data – make sure all have correct SI units.



3  Select the correct relationship from the Relationships Sheet – look for a relationship that has the symbols included in the list you made at step 1.



4  Write the relationship in the centre of the page.



5  On the line below, substitute in one number at a time. It is better to substitute numbers before rearranging the formula. Make sure the equals signs are in line one above the other (this makes it easier for you to check your working).



6  Carry out the calculation. Do this in the space at the right-hand side of the page or on your calculator.



7  Write down your answer in the form ‘symbol = number’. For example, V = 2⋅5. Again, make sure the equals signs are one above the other.



8  If necessary, round to the correct number of significant figures (keep one extra figure in intermediate values).



9  Add the correct SI unit for the quantity you have calculated.





The above method is illustrated in the examples below.
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Examples


How to present the answers to numerical problems





1  A cyclist moving at 3·1 m s−1 pedals faster for 8·0 seconds and reaches a speed of 4·3 m s−1. Calculate her acceleration.
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(Check that the final answer has the correct unit and number of significant figures.)





2  The potential difference across a 4·8 kΩ resistor is 12 V. Calculate the current in the resistor.
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Descriptions, explanations and conclusions


In Section 2 of your N5 Physics exam paper, the number of marks for each question, or part of a question, is shown in bold on the right-hand side of the page. The more marks there are, the more you have to write. Normally each relevant piece of Physics is worth 1 mark. So, to get full marks in a 2-mark question you should include two relevant pieces of information.


In descriptions, explanations and conclusions the information you present must be relevant, clear and complete. After you have written an answer, read it to see if it makes sense.


In most explanation questions you need to apply a Physics principle or relationship. For example, questions about moving objects often involve Newton’s Laws. Electricity questions often involve current and voltage rules for series and parallel circuits.


Pay attention to verbs in questions. Here are some common verbs used in SQA Physics examinations and what they mean:





•  state – give a specific value or observation – no explanation required



•  describe – give an outline of what happens in a given context



•  explain – give a reason or reasons for an observation



•  explain in terms of – use the given principle or physical quantity to explain



•  explain what is meant by – define a term or phrase



•  what would happen if – use a principle or relationship to make a prediction



•  justify your answer – give a reason or reasons for a response you have made.





Some questions have two verbs – watch out for these. For example, describe and explain is not the same as describe on its own. Make sure your answer addresses both verbs.


Use the language of Physics. There are many terms in Physics that have precise meanings – use these words in your written responses. Paraphrasing often introduces inaccuracy and may cost you marks.


Managing your time


This is a skill that you must practise – not just for Physics but for all your subjects. Every time you sit a class test, a prelim or an exam you can practise managing your time. Check your watch (or the clock in the exam room) every 15 minutes or so. You must make sure that you do not run out of time and that you try to answer all the questions.




Chapter 1: Electricity


1.1 Electrical concepts
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What you should know


For N5 Physics you need to be able to:





•  understand, define and use the terms charge, conductor, insulator, electric field, current, circuit, series, parallel and potential difference (voltage)



•  describe the path followed by positively or negatively charged particles in given electric fields



•  understand and use the relationships Q = It and Ew = QV




•  draw and identify common circuit symbols



•  draw and interpret circuit diagrams.
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Charge


Charge is a fundamental property of the particles in the Universe. For example, an electron is negatively charged and a proton is positively charged. A neutron is neither positive nor negative – it is electrically neutral. Charge is a scalar. The SI unit of charge is the coulomb (C) and the symbol for charge used by SQA is Q.
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Key points





•  There are two kinds of charge – positive and negative.



•  Materials with unlike charges are attracted to each other. Materials with like charge are repelled by each other.
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A balloon becomes charged when it is rubbed; when the charged balloon is held against a neutral wall it causes ‘charge separation’ – a slight movement of the charges in the wall molecules – like charges in the wall are repelled away from the surface of the wall and opposite charges are attracted towards the surface of the wall. As a result the attractive force between the balloon and the wall is greater than the repulsive force and the balloon sticks to the wall. The wall remains neutral throughout.



Electric fields


An electric field is a region of space where charges experience an electrical force. Learn this definition as you could be asked to state it. To draw an electric field you must show the position and charge (+ or –) of the object or objects that have created the field. You must also show the field lines. Field lines show the shape and direction of the electrical forces in the fields.


The field lines also show the path that a charged particle will follow in the field.
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Key points





•  The direction of an electric field is the direction of the force experienced by a positive charge in the field.



•  A negative charge experiences a force in the opposite direction to the direction of the field.
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Figure 1.1 shows the shapes of two electric fields.
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Examples





1  Look carefully at the shape of the field lines around the positive point charge in Figure 1.1 (a).







    •  An electron directly below the point charge is attracted towards the point charge – so the electron will move straight up.


    •  A proton to the left of the point charge will move further to the left as it is repelled by the positive point charge.








2  An alpha particle in the centre of the electric field in Figure 1.1 (b) will move down as it is repelled by the positive plate and attracted by the negative plate.
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Understanding the electric field between charged plates will help you to understand capacitors. You will find out more about capacitors in Topic 1.6.



Current


When an electrical force in a conductor causes charge carriers to move, we describe the flow of charge as an electric current. Current is defined as quantity of charge transferred per unit time.


One ampere is equal to one coulomb per second.


Conductors and insulators


A conductor is a material in which charge carriers can move through the material. In solids, charge carriers are usually electrons. Metals like iron, copper, brass and aluminium are good conductors. Graphite (carbon) is also a good conductor.


In liquids, charge carriers are usually positive and negative ions of dissolved materials. Water is also a conductor – this is why it is very dangerous when water comes into contact with mains electricity.


An insulator is a material in which charge carriers cannot move through the material. Glass, polythene and rubber are good insulators.


Charge flows when there is a complete path of conductors and a source of electrical energy (a supply). The complete path of conductors is called an electrical circuit. When a supply is switched on it applies an electric field to the charge carriers in a circuit. The electrical force causes charge carriers to flow and produces current in the conductors.
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Key points





•  The SI unit of current is the ampere (A).



•  The symbol for current used by SQA is I.



•  The relationship between charge, current and time is Q = It.
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Example


An electric torch is switched on for 30 minutes. The current in the bulb of the torch is 0·45 A. Calculate the charge that flows through the bulb.


[image: ]


[image: ]







[image: ]


Hints & tips


Don’t just use the values you’re given in the question without thinking. Always consider whether they need to be converted into the correct units. For example, times need to be in seconds rather than minutes.
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Work, energy and potential difference


When an electrical force causes charge carriers to move, electrical energy is used and work is done. The amount of work depends on the charge and the potential difference (p.d.) through which the charge is moved. The work done is equal to the energy given to the charge carriers.


The p.d. between two points is equal to the work done in moving 1 C of charge from one point to the other.
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Key points





•  The SI unit of p.d. is the volt (V).



•  The symbol for p.d. used by SQA is V.



•  The relationship between charge, p.d. and work is Ew = QV.



•  1 volt = 1 joule per coulomb.



•  When charge is moved in an electric field, the work done depends only on the start and finish points. It does not depend on the path followed by the charge.
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Circuit symbols


You need to be able to draw and identify all the symbols in Table 1.1.
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Series circuits


Components connected one after another are connected in series. A circuit in which all the components are connected in this way is called a series circuit. In a series circuit there is one complete path of conductors. The series circuit in Figure 1.2 contains a battery, switch, ammeter, resistor and lamp.
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When you are using an ammeter to measure the current in an electrical component, the ammeter must always be connected in series with that component.


Parallel circuits


Components that are connected side by side are connected in parallel. A circuit in which components are connected in this way is called a parallel circuit. In a parallel circuit there is more than one complete path of conductors. The parallel paths are called branches.


Figure 1.3 shows a battery connected to two resistors and a voltmeter in parallel.
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When you are using a voltmeter to measure the voltage across an electrical component, the voltmeter must always be connected in parallel with that component.
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Questions




  1  Figure 1.4 shows the shape of the electric field between a fixed positive point charge and a fixed negative point charge.
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      a)  A stationary electron is located on a field line at point A.







            i)   Describe the path along which the electron will move.


            ii)  State the final position of the electron.







      b)  A stationary neutron is located on a field line at point B.







            i)   State the final position of the neutron.


            ii)  Justify your answer.







      c)  A stationary proton is located on a field line at point C.







            i)   Describe the path along which the proton will move.


            ii)  State the final position of the proton.







  2  Figure 1.5 shows the shape of the electric field between two fixed negative point charges.
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      a)  A stationary proton is located on a field line at point A.







            i)   Describe the path along which the proton will move.


            ii)  State the final position of the proton.







      b)  A stationary neutron is located at point B on the straight line between the centres of the two point charges.







            i)   State the final position of the neutron.


            ii)  Justify your answer.







      c)  A stationary electron is located on a field line at point C.







            i)   State the direction of the electrical force acting on the electron.


            ii)  Justify your answer.


            iii) Give a reason why it is not possible to state the final position of the electron.







  3  State the two conditions that are necessary for charge to flow in a circuit.


  4  Explain why both conductors and insulators are necessary for the operation of electrical circuits.


  5  Name the charge carriers in each of the following:







      a)  domestic electrical circuits


      b)  electrolysis of copper sulphate solution


      c)  semiconductor components in electronic circuits.







  6  Pure water is an electrical conductor even though water particles are neutral molecules. Explain.


  7  During a flash of lightning 600 C of charge is transferred in 0·15 s. Calculate the average current.


  8  The work done in moving 1 C of charge around an electric circuit is 15 J. State the potential difference between the terminals of the supply.


  9  Calculate the work required to move 40 mC through a potential difference of 1·8 kV.



10  Points A, B, C and D are in an electric field.
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A charge of 0·30 C is moved from point A to point B and then to point C. The total work done is 1·2 J.
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Physical quantities Included in the N5 Physics course

Physical quantity Symbol Unit Abbreviation
area A metre squared m?
volume v metre cubed m?
distance, displacement sord metre m
height h metre m
time t second s
speed, instantaneous speed, v metre per second ms™
velocity, final velocity

initial velocity u metre per second ms™'
change of velocity Av metre per second ms™’'
average velocity, average speed v metre per second ms™'
acceleration a metre per second per second ms?
acceleration due to gravity g metre per second per second ms?
gravitational field strength g newton per kilogram

mass m kilogram

force, resultant force F newton

weight w newton N
energy E joule J
work done E, joule J
potential energy Ep joule J
kinetic energy E, joule J
power P wart 4
percentage efficiency - - -
output energy E, joule J
input energy E joule J
outputr power P, wart 4
input power P. wart 4
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temperature degree Celsius °C
specific heat capacity joule per kilogram per degree Celsius | kg~'°C~"
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pressure pascal Pa
electric charge coulomb C
electric current ampere A
voltage, potential difference volt \
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supply voltage volt \
resistance of resistor ohm Q
voltage across resistor volt \
number of turns in primary coil -

number of turns in secondary coil - -
voltage across primary coil volt \
voltage across secondary coil volt \
current in primary circuit ampere A
current in secondary circuit ampere A
voltage gain v - -
output voltage A volt \
input voltage Vi volt \
power gain P gain - -
period T second s
frequency f hertz Hz
wavelength A metre m
activity A becquerel Bg
number of nuclei decaying N - -
absorbed dose D gray Gy
radiation weighting factor We - -
equivalent dose H sievert Sv
half-life t second s






