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Introduction 








This is one of a series of five books supporting the Cambridge International 








AS & A Level Mathematics 9709 syllabus for examination from 2020. 








The series then continues with four more books supporting Cambridge 








International AS & A Level Further Mathematics 9231. The ten chapters in 








this book cover the mechanics required for the Paper 4 examination. This 








part of the series also contains two books for pure mathematics and two 








books for probability and statistics. 








These books are based on the highly successful series for the Mathematics 








in Education and Industry (MEI) syllabus in the UK but they have been 








redesigned and revised for Cambridge International students; where 








appropriate, new material has been written and the exercises contain many 








past Cambridge International examination questions. An overview of 








the units making up the Cambridge International syllabus is given in the 








following pages. 








Throughout the series, the emphasis is on understanding the mathematics as 








well as routine calculations. The various exercises provide plenty of scope for 








practising basic techniques; they also contain many typical examination-style 








questions. 








As well as the various techniques covered in the syllabus, Chapter 5 of 








this book introduces vectors as a helpful way to express many mechanics 








problems mathematically, so making them easier to simplify and solve. 








However, the Cambridge International syllabus does not require students 








to use vector notation and, therefore, this chapter is marked as background 








learning. 








The original MEI author team would like to thank Sophie Goldie who has 








carried out the extensive task of presenting their work in a suitable form for 








Cambridge International students and for her many original contributions. 








They would also like to thank Cambridge Assessment International 








Education for its detailed advice in preparing the books and for permission 








to use many past examination questions. 








Roger Porkess 








Series editor 


















How to use this book 








The structure of the book 








This book has been endorsed by Cambridge Assessment International 








Education. It is listed as an endorsed textbook for students taking the 








Cambridge International AS & A Level Mathematics 9709 syllabus. The 








Mechanics syllabus content is covered comprehensively and is presented 








across ten chapters, offering a structured route through the course. 








The book is written on the assumption that you have covered and 








understood the content of the Cambridge IGCSE® Mathematics 0580 








(Extended curriculum) or Cambridge O Level 4024/4029. Two icons are 








used to indicate material that is not directly on the syllabus. 








Some of the early material is designed to provide an overlap and this 








is designated 



background. You need to be familiar with the material 








before you move on to develop it further. 








There are also places where the book goes beyond the requirements of the 








syllabus to show how the ideas can be taken further or where fundamental 








underpinning work is explored. Such work is marked as 



extension. 








Each chapter is broken down into several sections, with each section covering 








a single topic. Topics are introduced through 



explanations, with 



key terms 








picked out in red. These are reinforced with plentiful 



worked examples, 








punctuated with commentary, to demonstrate methods and illustrate 








application of the mathematics under discussion. 








Regular 



exercises 

allow you to apply what you have learned. They offer a 








large variety of practice and higher-order question types that map to the key 








concepts of the Cambridge International syllabus. Look out for the following 








icons. 








Problem-solving questions will help you to develop the ability 








to analyse problems, recognise how to represent different situations 








mathematically, identify and interpret relevant information, and select 








appropriate methods. 








Modelling questions provide you with an introduction to the 








important skill of mathematical modelling. In this, you take an everyday 








or workplace situation, or one that arises in your other subjects, and 








present it in a form that allows you to apply mathematics to it. 








Communication and proof questions encourage you to become 








a more fluent mathematician, giving you scope to communicate your 








work with clear, logical arguments and to justify your results. 








Exercises also include questions from real Cambridge Assessment 








International Education past papers, so that you can become familiar with the 








types of question you are likely to meet in formal assessments. 








b 








e 








PS 








M 








CP 
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IGCSE® 



is a 



registered trademark. 


















Answers 



to exercise questions, excluding long explanations and proofs, 








are included in the back of the book, so you can check your work. 



It is 








important, however, that you have 



a 



go 



at 



answering the questions before 








looking up the answers 



if 



you are to understand the mathematics fully. 








In addition to the exercises, 



a 



range of additional features are included to 








enhance your learning. 








In real life, it is often the case that as well as analysing a situation or problem, 








you also need to carry out some investigative work. This allows you to 








check whether your proposed approach is likely to be fruitful or to work 








at all, and whether it can be extended. Such opportunities are marked as 








investigations. 








In applied mathematics (mechanics and statistics), it is often helpful to carry 








out 



experiments so that you can see for yourself what is going on. The 








same is sometimes true for pure mathematics, where a spreadsheet can be a 








particularly powerful tool. 








Other helpful features include the following. 








This symbol highlights points it will benefit you to 



discuss with 








your teacher or fellow students, to encourage deeper exploration and 








mathematical communication. If you are working on your own, there 








are answers in the back of the book. 








This is a 



warning sign. It is used where a common mistake, 








misunderstanding or tricky point is being described to prevent you from 








making the same error. 








A variety of notes are included to offer advice or spark your interest: 








Note 








Notes 



expand on the topic under consideration and explore the deeper 








lessons that emerge from what has just been done. 








Historical 



note 








Historical notes 



offer interesting background information about famous 








mathematicians or results to engage you in this fascinating field. 








Finally, each chapter ends with the 



key points covered, plus a list of the 








learning outcomes that summarise what you have learned in a form that is 








closely related to the syllabus. 








INVESTIGATION 








EXPERIMENT 








 








? 
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Digital 



support 








Comprehensive online support for this book, including further questions, 








is 



available by subscription to MEI’s Integral® online teaching and learning 








platform for AS 



& A 



Level Mathematics and Further Mathematics, 








integralmaths.org. This 



online platform provides extensive, high-quality 








resources, including printable materials, innovative interactive activities, and 








formative and summative assessments. Our eTextbooks link seamlessly with 








Integral, allowing you to move with ease between corresponding topics in 








the eTextbooks and Integral. 








Additional support 








The 



Question 



& 



Workbooks 



provide additional practice for 



students. These 








write-in workbooks are designed to be used throughout the course. 








The 



Study and Revision Guides 



provide further practice for students 



as 








they prepare for their examinations. 








These supporting resources and MEI’s Integral® material have not been 








through the Cambridge International endorsement process. 








x 


















xi 








The 



Cambridge International 








AS & A Level 



Mathematics 








9709 



syllabus 








The syllabus content 



is 



assessed over six examination papers. 








Paper 1: Pure Mathematics 



1 








• 



1 



hour 50 minutes 








• 



60% of the AS Level; 30% of the 








A 



Level 








• 



Compulsory for AS and 



A 



Level 








Paper 4: Mechanics 








• 



1 



hour 15 minutes 








• 



40% of the AS Level; 20% of the 








A 



Level 








• 



Offered 



as 



part of AS or 



A 



Level 








Paper 2: Pure Mathematics 



2 








• 



1 



hour 15 minutes 








• 



40% of the AS Level 








• 



Offered only 



as 



part of AS Level; 








not 



a 



route to 



A 



Level 








Paper 5: Probability 



& 



Statistics 



1 








• 



1 



hour 15 minutes 








• 



40% of the AS Level; 20% of the 








A 



Level 








• 



Compulsory for 



A 



Level 








Paper 3: Pure Mathematics 



3 








• 



1 



hour 50 minutes 








• 



30% of the 



A 



Level 








• 



Compulsory for 



A 



Level; not 



a 








route to AS Level 








Paper 6: Probability & Statistics 2 








• 



1 



hour 15 minutes 








• 



20% of the 



A 



Level 








• 



Offered only 



as 



part of 



A 



Level; 








not 



a 



route to AS Level 








The following diagram illustrates the permitted combinations for AS Level 








and 



A 



Level. 








AS Level 








Mathematics 








A Level 








Mathematics 








Paper 1 and Paper 2 








Pure Mathematics only 








Paper 1 and Paper 4 








Pure Mathematics and Mechanics 








Paper 1 and Paper 5 








Pure Mathematics and 








Probability & Statistics 








Paper 1, 3, 4 and 5 








Pure Mathematics, Mechanics and 








Probability & Statistics 








Paper 1, 3, 5 and 6 








Pure Mathematics and 








Probability & Statistics 








(No progression to A 



Level) 


















Prior 



knowledge 








Knowledge of the content of the Cambridge IGCSE® Mathematics 0580 








(Extended curriculum), or Cambridge O Level 4024/4029, 



is 



assumed. 








Learners should be familiar with scientific notation for compound units, e.g. 








5 



m 



s–1 



for 



5 



metres per second. 








In addition, learners should: 








» 



be able to carry out simple manipulation of surds (e.g. expressing 12 



as 








2 3 



and 



6 








2 








as 3 



2) 








» 



know the shapes of graphs of the form 



y = kxn 



, 



where 



k 



is a 



constant and 








n 



is 



an integer (positive or negative) or 



1 








2 








± 



. 








For Paper 4: Mechanics, questions set will be mainly numerical, and will 








aim to test mechanical principles without involving difficult algebra or 








trigonometry. However, learners should be familiar in particular with the 








following trigonometrical results: 








° − 








≡ 








° − 








≡ 








≡ 








+ 








≡ 








θ 








θ 








θ 








θ 








θ 








θ 








θ 








θ 








θ 








sin(90 








) cos , cos(90 








) sin , tan 








sin 








cos 








, sin 








cos 








1 








2 








2 








Knowledge of algebraic methods from the content for Paper 1: Pure 








Mathematics 1 is assumed. 








The syllabus refers to the equilibrium or motion of a ‘particle’. Examination 








questions may involve extended bodies in a ‘realistic’ context, but these 








extended bodies should be treated as particles, so any force acting on them is 








modelled as acting at a single point. 








The Cambridge International syllabus does not require students to use vector 








notation. 








Command 



words 








The table below includes command words used in the assessment for this 








syllabus. The use of the command word will relate to the subject context. 








Command word What it means 








Calculate 








work out from given facts, figures or information 








Describe 








state the points of a topic/give characteristics and 








main features 








Determine 








establish with certainty 








Evaluate 








judge or calculate the quality, importance, amount, or 








value of something 








Explain 








set out purposes or reasons/make the relationships 








between things evident/provide why and/or how and 








support with relevant evidence 








Identify 








name/select/recognise 








Justify 








support a case with evidence/argument 








Show (that) 








provide structured evidence that leads to a given result 








xii 


















Command word What it means 



(continued ...) 








Sketch 








make 



a 



simple freehand drawing showing the key 








features 








State 








express in clear terms 








Verify 








confirm 



a 



given statement/result 



is 



true 








Key 



concepts 








Key concepts are essential ideas that help students develop 



a 



deep 








understanding of 



mathematics. The 



key concepts are: 








Problem 



solving 








Mathematics 



is 



fundamentally problem solving and representing systems and 








models in different 



ways. These 



include: 








» 



Algebra: this 



is 



an essential tool which supports and expresses 








mathematical reasoning and provides 



a 



means to generalise across 



a 








number of contexts. 








» 



Geometrical techniques: algebraic representations also describe 



a 



spatial 








relationship, which gives us 



a 



new way to understand 



a 



situation. 








» 



Calculus: this 



is a 



fundamental element which describes change in 








dynamic situations and underlines the links between functions and graphs. 








» 



Mechanical models: these explain and predict how particles and objects 








move or remain stable under the influence of forces. 








» 



Statistical methods: these are used to quantify and model aspects of the 








world around us. Probability theory predicts how chance events might 








proceed, and whether assumptions about chance are justified by evidence. 








Communication 








Mathematical proof and reasoning 



is 



expressed using algebra and notation so 








that others can follow each line of reasoning and confirm its completeness 








and accuracy. Mathematical notation 



is 



universal. Each solution 



is 



structured, 








but proof and problem solving also invite creative and original thinking. 








Mathematical modelling 








Mathematical modelling can be applied to many different situations and 








problems, leading to predictions and solutions. 



A 



variety of mathematical 








content areas and techniques may be required to create the model. Once the 








model has been created and applied, the results can be interpreted to give 








predictions and information about the real world. 








These key concepts are reinforced in the different question types included 








in this book: 



Problem-solving, Communication and proof, 



and 








Modelling. 
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1 








1.1 



The language 



of 



motion 








Throw 



a 



small object such 



as a 



marble straight up in the air and think about 








the words you could use to describe its motion, from the instant just after 



it 








leaves your hand to the instant just before 



it 



hits the floor. Some words might 








involve the idea of direction. Other words might relate to the position of the 








marble, its speed or whether 



it is 



slowing down or speeding up. Underlying 








many of these 



is 



time. 








Direction 








The way the marble moves 



is 



affected by the gravitational pull of 



Earth. We 








understand directional words such 



as 



up and down because we experience 








this pull towards the centre of Earth all the 



time. The 



vertical 



direction 



is 



along 








the line towards or away from the centre of Earth. 








In mathematics 



a 



quantity that has only size, or magnitude, 



is 



called 



a 



scalar. 








One that has both magnitude and 



a 



direction in space 



is 



called 



a 



vector. 








Distance, position 



and 



displacement 








The total 



distance 



travelled by the marble 



at 



any time does not depend on 








its direction. 



It is a 



scalar quantity. 








1 



Motion in a straight line 








The whole 








burden of 








philosophy 








seems to 








consist in 








this – from the 








phenomena 








of motions to 








investigate 








the forces of 








nature. 








Isaac Newton 








(1642–1727) 


















2 








Position 



and 



displacement 



are two vectors related to distance: they have 








direction 



as 



well 



as 



magnitude. Here their direction 



is 



up or down and you 








decide which of these 



is positive. When 



up 



is 



taken to be positive, down 



is 








negative. 








The position of the marble 



is 



its distance above 



a 



fixed origin, for example, 








the distance above the place 



it 



first left your hand. 








1.25 m 








top 








hand 








▲ 



Figure 1.1 








position 



+1.25 



m 








positive 








direction 








zero position 








When 



it 



reaches the top, the marble might have travelled 



a 



distance of 1.25 m. 








Relative to your hand its position 



is 



then 1.25 m upwards or 



+1.25 



m. 








At the instant 



it 



returns to the same level 



as 



your hand 



it 



will have travelled 



a 








total distance of 2.5 m. Its position, however, 



is 



zero upwards. 








A position is always relative to a fixed origin but a 



displacement can be 








measured from any 



point. When the marble returns to the level of your hand, 








its displacement 



is 



zero relative to your hand but −1.25 m relative to the top. 








 



What are the positions of the particles A, 



B 



and 



C 



in the diagram in 








Figure 1.2? 








–4 








C 








B 








A 








– 3 








–2 








–1 








0 








1 








2 








3 








4 5 








x 








▲ 



Figure 1.2 








 



What 



is 



the displacement of 



B 








(i) 



relative to 



A 








(ii) 



relative to C? 








? 








Diagrams 



and graphs 








In mathematics, it is important to use words precisely, even though they 








might be used more loosely in everyday life. In addition, 



a 



picture in the 








form of 



a 



diagram or graph often shows the information more clearly. 


















3 








Figure 1.3 



is a 



diagram 



showing the direction of motion of the marble 








and relevant 



distances. The 



direction of motion 



is 



indicated by an arrow. 








Figure 1.4 



is a 



graph 



showing the displacement above the level of your hand 








against the time. Notice that 



it is 



not 



the path of the 



marble. This 



type of 








graph 



is 



called 



a 



displacement-time graph. 








1.25 m 








A 








H 








B 








C 








1 m 








▲ 



Figure 1.3 








–1 








displacement 








(metres) 








time (s) 








0.5 








A 








B 








C 








1.5 








1 








0 








1 








2 








▲ 



Figure 1.4 








 



The graph in Figure 1.4 shows that the displacement is negative after 








one second (point 



B). What 



does this negative displacement mean? 








? 








Note 








When drawing a graph it is very important to specify your axes carefully. 








Graphs showing motion usually have time along the horizontal axis. Then 








you have to decide where the origin is and which direction is positive on the 








vertical axis. In Figure 1.4 the origin is at hand level and upwards is positive. 








The time is measured from the instant the marble leaves your hand. 








Notation and units 








As with most mathematics, you will see in this book that certain letters are 








commonly used to denote certain quantities. This makes things easier to 








follow. Here the letters used are: 








» 



s, h, x, y



and 



z 



for displacement 








» 



t 



for time measured from 



a 



starting instant 








» 



u 



and 



v 



for velocity 








» 



a 



for acceleration. 








The S.I. (Système 



International d’Unités) 



unit for 



distance 



is 



the metre (m), 








that for 



time 



is 



the second (s) and that for 



mass 



the kilogram (kg). 








Other units follow from these so speed 



is 



measured in metres per second, 








written 



m s−1 



. 


















4 








1 



Given that the origin for the motion of the marble (see Figure 1.3) 



is 



on 








the ground, what 



is 



its position 








(i) 



when 



it 



leaves your hand 








(ii) 



at 



the top? 








2 



A 



boy throws 



a 



ball vertically upwards so that its displacement 



y 



m 



at 








time 



t 



is as 



shown in the graph. 








1 








t 








2 








1 








0 








2 








3 








4 








5 








6 








displacement 








(m) 








time (s) 








7 








(i) 



Write down the position of the ball 



 at 



times 



t 



= 



0, 



0.4, 0.8, 1.2, 1.6 








and 



2. 








(ii) 



Calculate the displacement of the ball relative to its starting position 








at 



these times. 








(iii) 



What 



is 



the total distance travelled 








(a) 



during the first 0.8 



s 








(b) 



during the 



2 s 



of the motion? 








3 



The position of 



a 



particle moving along 



a 



straight horizontal groove 



is 








given by 



x 



= 2 + 



t(t 



− 



3) for 



0 



≤ 



t 



≤ 



5 



where 



x 



is 



measured in metres 








and 



t 



in seconds. 








(i) 



What  is the position  of the particle  at times 



 t 



= 0, 1, 1.5, 



2, 3, 4 








and 5? 








(ii) 



Draw 



a 



diagram to show the path of the particle, marking its 








position 



at 



these times. 








(iii) 



Find the displacement of the particle relative to its initial position 



at 








t 



= 



5. 








(iv) 



Calculate the total distance travelled during the motion. 








4 



For each of the following situations sketch 



a 



graph of displacement 








against time. Show clearly the origin and the positive direction. 








(i) 



A 



stone 



is 



dropped from 



a 



bridge which 



is 



40 m above 



a 



river. 








(ii) 



A 



parachutist jumps from 



a 



helicopter which 



is 



hovering 



at 



2000 



m. 








She opens her parachute after 



10 s of 



free fall. 








(iii) 



A 



bungee jumper on the end of an elastic string jumps from 



a 



high 








bridge. 








M 








Exercise 



1A 


















5 








5 



The diagram 



is a 



sketch 








of the displacement–time 








graph for 



a 



fairground ride. 








(i) 



Describe the motion, 








stating in particular 








what happens 



at 



O, A, 








B, 



C 



and D. 








(ii) 



What type of ride 



is 



this? 








1.2 



Speed and velocity 








Speed 



is a 



scalar quantity and does not involve direction. 



Velocity 



is 



the 








vector related to speed; its magnitude 



is 



the speed but 



it 



also has 



a 



direction. 








When an object is moving in the negative direction, its velocity 



is 



negative. 








Amy has to post 



a 



letter on her way to 



college. The 



post box 



is 



500 m east of 








her house and the college 



is 



2.5 km to the west. Amy cycles 



at a 



steady speed 








of 10 m 



s−1 



and takes 10 



s at 



the post box to find the letter and post it. 








The diagram 



in 



Figure 1.5 shows Amy’s journey taking east 



as 



the positive 








direction. The 



distance 



of 



2.5 km has been changed 



to 



metres 



so 



that the units 








are consistent. 








2500 m 








500 m 








10 



ms 








H 








C 








P 








1 








▲ 



Figure 1.5 








east 








positive 








direction 








After she leaves the post box Amy 



is 



travelling west so her velocity 



is 



negative. 








It is 



−10 



m 



s−1 . 








The distances and times for the three parts of Amy’s journey are: 








Distance 








Time 








Home 



to 








post box 








500 



m 








500 








10 



= 



50 



s 








At post box 








0 m 








10 



s 








Post box 



to 








college 








3000 



m 








3000 








10 



= 



300 



s 








These can be used to draw the 








displacement–time graph, taking 








home 



as 



the origin, 



as 



in Figure 1.6. 








M 








▲ 



Figure 1.6 
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 



Calculate the gradient of the three portions of the graph in Figure 1.6. 








What conclusions can you draw? 








? 








The velocity 



is 



the rate 



at 



which the displacement changes. 








» 



Velocity 



is 



represented by the gradient of the displacement–time graph. 








Figure 1.7 



is 



the velocity–time graph. 








Note 








By drawing the graphs below 








each other with the same 








horizontal scales, you can see 








how they correspond to each 








other. 








Distance–time 



graphs 








Figure 1.8 is the distance–time graph 








of Amy’s journey. It differs from the 








position–time graph because it shows 








how far she travels irrespective of her 








direction. There are no negative values. 








The gradient of this graph represents 








Amy’s speed rather than her velocity. 








 



It has been assumed that Amy starts and stops instantaneously. What 








would more realistic graphs look like? 








 



Would 



it 



make 



a 



lot of difference to the answers 



if 



you tried to be 








more realistic? 








? 








Average 



speed and 



average 



velocity 








You can find Amy’s average speed on her way to college by using the 








definition 








» 



Average speed 



= 








total distance travelled 








total time taken 








0 








10 








–10 








velocity 








(m 



s 
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) 








time 
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Figure 1.7 
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Figure 



1.8 


















7 








When the distance 



is 



in metres and the time in seconds, you calculate the 








speed by dividing metres by seconds and you write 



it 



in m 



s−1 . 



So Amy’s 








average speed 



is 








3500 m 








360 



s 








9.72m 



s 



(to 



3 



s.f.) 








1 








= 








− 








Amy’s average velocity 



is 



different. Her displacement from start to finish 



is 








−2500 



m so 








» 



Average velocity 








total displacement from initial position 








total time taken 








= 








= − 








= − 








− 








2500 








360 








6.94m 



s 



(to 



3 



s.f.) 








1 








If 



Amy had taken the same time to go straight from home to college 



at a 








steady speed, this steady speed would have been 6.94 m 



s−1 . 








Velocity 



at an instant 








The displacement–time graph for 



a 








marble thrown straight up into the 








air 



at 5 



m 



s−1 is 



curved because the 








velocity 



is 



continually changing. 








The velocity is represented by the 








gradient of the displacement–time 








graph. When a 



displacement–time 








graph is curved like this you can find 








the velocity at an instant 



of time by 








drawing a tangent as in Figure 1.9. 








The velocity at P is 



approximately 








0.6 








0.25 








2.4 m s–1 








= 








Figure 1.10 shows the velocity–time 








graph. 








The college is 








in the negative 








direction. 
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▲ 



Figure 1.10 








▲ 



Figure 1.9 
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 



What 



is 



the velocity 



at 



H, A, 



B 



and C? 








 



The speed of the marble increases after 



it 



reaches the 



top. What 








happens to the velocity? 








? 








At the point A, the velocity and gradient of the displacement–time graph are 








zero. This 



means that the marble 



is 



instantaneously 



at 



rest. 



The velocity 



at 



H 








is positive because the marble is moving in the positive direction (upwards). 








The velocity at B and at C is negative because the marble is moving in the 








negative direction (downwards). 








1 



Draw 



a 



speed–time graph for Amy’s journey on page 



5. 








2 



The distance–time graph shows 








the relationship between distance 








travelled and time for 



a 



person who 








leaves home 



at 



9.00 am, walks to 



a 








bus stop and catches 



a 



bus into town. 








(i) 



Describe what 



is 



happening 








during the time from 



A 



to B. 








(ii) 



The section BC 



is 



much steeper 








than OA; what does this tell you about the motion? 








(iii) 



Draw the speed–time graph for the person. 








(iv) 



What simplifications have been made in drawing these graphs? 








3 



For each of the following journeys find 








(a) 



the initial and final positions 








(b) 



the total displacement 








(c) 



the total distance travelled 








(d) 



the velocity and speed for each part of the journey 








(e) 



the average velocity for the whole journey 








(f) 



the average speed for the whole journey. 








(i) 








1 2 3 4 








2 








4 








displacement 








(m) 








4 








8 








6 








time (s) 








2 








0 








(ii) 








10 20 30 40 50 60 








20 
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40 








60 
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20 
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(iii) 








(iv) 








4 



A 



plane flies from London to Toronto, 



a 



distance of 5700 km, 



at 








an average speed of 1280 km 



h–1 . It 



returns 



at 



an average speed of 








1200 km 



h–1 . 



Find the average speed for the round trip in km 



h–1 , 



giving 








your answer to the nearest whole number. 








1.3 



Acceleration 








In everyday language, the word ‘accelerate’ 



is 



usually used when an object 








speeds up and ‘decelerate’ 



is 



used when 



it 



slows down. Mathematicians 








sometimes refer to deceleration in the context of decreasing speed but in 








mathematics the word 



acceleration 



is 



used whenever there 



is a 



change 








in velocity, whether an object 



is 



speeding up, slowing down or changing 








direction. Acceleration 



is 



the rate at which the velocity changes. 








Over 



a 



period of time 








» 



Average acceleration 








change 



in 



velocity 








time taken 








= 








Acceleration is represented by the gradient of a velocity–time graph. It is a 








vector and can take different signs in a similar way to velocity. This is 








illustrated by Tom’s cycle journey, which is shown in Figure 1.11. 








Tom turns on to the main road 








at 4 



m 



s−1 , 



accelerates uniformly, 








maintains 



a 



constant speed and 








then slows down uniformly to 








stop when he reaches home. 








Between 



A 



and 



B, Tom’s 



velocity 








increases by (10 



− 



4) 



= 



6 



m 



s−1 



in 








6 



seconds, that 



is 



by 



1 



metre per 








second every second. 








This acceleration 



is 



written 



as 








1 



m 



s−2 



(one metre per second squared) and 



is 



the gradient of AB. 








From 



B 



to 



C 



acceleration 



= 



0 



m 



s−2 








From 



C 



to 



D 



acceleration 








B 








C 








A 
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▲ 



Figure 1.11 
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From 



C 



to D, Tom 



is 



slowing down while still moving in the positive direction 








towards home, so his acceleration, the gradient of the graph, is negative. 








The sign of 



acceleration 








Think again about the marble thrown up 








into the air with 



a 



speed of 



5 



m 



s−1 . 








Figure 1.12 represents the velocity when 








upwards 



is 



taken 



as 



the positive direction 








and shows that the velocity 



decreases 



from 








+ 



5 



m 



s−1 



to 



−5 



m 



s−1 



in 



1 



second. 








This means that the gradient, and hence 








the acceleration, 



is 



negative. 



It is 



−10 



m 



s−2 . 








(You might recognise the number 10 



as 








an approximation to 



g. 



See Chapter 



2 








page 28.) 








 



A car accelerates away from a set of traffic lights. It accelerates to a 








maximum speed and at that instant starts to slow down to stop at a 








second set of lights. Which of the graphs in Figure 1.13 could represent 








(i) 



the distance–time graph 








(ii) 



the velocity–time graph 








(iii) 



the acceleration–time graph of its motion? 








A 








B 








C 








D 








E 








▲ 



Figure 1.13 








? 








1 








(i) 



Calculate the acceleration for each part of the following journey. 








(ii) 



Use your results to sketch an acceleration–time graph. 








▲ 



Figure 1.12 
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1C 
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2 



A 



particle moves so that its displacement 



x 



metres 



at 



time 



t 



seconds 



is 








x 



= 



2t 



3 



− 



18t. 








(i) 



Calculate the displacement  of the particle 



at 



times 



 t 



= 



0, 1, 2, 3 



and 








4. 








(ii) 



Draw 



a 



diagram showing the displacement of the particle 



at 



these 








times. 








(iii) 



Sketch 



a 



graph 



of 



the displacement against time. 








(iv) 



State the times when the particle 



is at 



the origin and describe the 








direction in which 



it is 



moving 



at 



those times. 








3 



A 



train takes 45 minutes to complete its 24 kilometre trip. 



It 



stops for 








1 minute 



at 



each of 



7 



stations during the trip. 








(i) 



Calculate the average speed of the train. 








(ii) 



What would be the average speed 



if 



the stop 



at 



each station was 








reduced to 20 seconds? 








4 



When Louise 



is 



planning car journeys she reckons that she can cover 








distances along main roads 



at 



roughly 100 km 



h–1 



and those in towns 



at 








30 km 



h–1 . 








(i) 



Find her average speed 



for 



each 



of 



the following journeys. 








(a) 



20 km on main roads and then 10 km in 



a 



town 








(b) 



150 km on main roads and then 



2 



km in 



a 



town 








(c) 



20 km on main roads and then 20 km in 



a 



town 
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