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Spec: S9.1, S9.2, S9.3, S9.4, S9.5, S10.1 








Practice questions: 



Paper 2A 








207 








Paper 2B: Critical path and risk 



analysis 








2.29 Cooking a roast dinner  








210 








Critical path analysis 








Spec: R1.1, R1.2, R2.1, R3.1 








2.30 Winning combinations  








215 








Probability and expectation 








Spec: R4.1, R4.2 
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2.31 Film stars  








221 








Venn diagrams and tree diagrams 








Spec: R5.1, R6.1 








2.32 Premium Bonds  








227 








Expected value 








Spec: R7.1 








2.33 Are you sure about that?  








231 








Living with uncertainty 








Spec: R8.1 








2.34 Peace of mind  








235 








Control measures 








Spec: R9.1 








2.35 Starting a business  








241 








Risk analysis 








Spec: R10.1, R10.2 








Practice questions: 



Paper 2B 








245 








Paper 2C: 



Graphical techniques 








2.36 Throwing a javelin  








247 








Sketching and plotting graphs 








Spec: G1.1 








2.37 The advance of technology  








255 








Using algebraic graphs 








Spec: G2.1, G2.2 








2.38 How graphs and equations make models  








262 








Rates of change 








Spec: G3.1, G3.3 








2.39 Sunrise and sunset  








268 








Interpreting curved graphs 








Spec: G3.2, G3.3 








2.40 Holiday flights  








273 








Distance–time and speed–time graphs 








Spec: G4.1, G5.1 








2.41 The number ‘e’  








282 








The number ‘e’ 








Spec: G7.1 








2.42 Germs galore  








287 








Exponential growth 








Spec: G6.1, G6.2, G8.1, G8.2 








2.43 Carbon dating  








293 








Exponential decay 








Spec: G6.1, G6.2, G8.1, G8.2 








Practice questions: 



Paper 2C 








298 
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HOW TO GET THE MOST 








FROM THIS BOOK 








Sections 



1 



and 



2 of 



the book cover the content 



of 



the AQA Level 



3 Certificate 








in 



Mathematical Studies. Section 



3 



gives you extra explanation, examples 








and practice 



for key 



techniques. 








❯ 



Section 1: Getting started – 








talking about maths 








This section: 








❯   



revisits GCSE knowledge and skills 








❯   



develops collaborative working skills 








❯   



develops investigational skills 








❯   



develops criticality and evaluative skills 








❯   



should 



be 



done 



first 



and worked through 



in 



order. 








Each Section 



1 



chapter starts with 



a 



scenario that 



you 



discuss and 








investigate 



in 



order 



to 



explore 



the 



content. There 



are 



also some closed 








questions 



to 



test your understanding and questions for practice. The 



reflect 








questions are 



to 



help you see mathematics differently and recognise the 








skills 



you are 



developing. 








There 



is a 



list 



of 



the process skills developed 



in 



the chapter and the maths 








help 



box 



gives references 



to 



relevant chapters 



in 



Section 



3. 








The questions marked with 



a 



blue bullet have answers available online, 








the 



ones with 



a 



green bullet 



are to 



answer 



but 



there 



are 



many possible 








responses 



to 



them. Answers 



can be 



found 



at 



www.hoddereducation.co.uk/ 








AQALevel3CertMathStudiesanswers 








The stars 



for the 



maths level give 



you a 



rough idea 



of 



how challenging 



the 








maths 



is! 
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❯   



Section 2: Learning the new stuff 








This section: 








❯   



develops 



fluency 



with 



the 



compulsory content and each 



of the 



options 








❯   



continues 



to 



develop skills 



in 



collaborative working and investigation 








❯   



develops modelling skills and continues 



to 



develop criticality 








Chapter 2.1 



to 



2.4 cover estimation and should be done 



in 



order. 








Chapters 2.5 



to 



2.10 cover data handling and should be done 



in 



order. 








Chapters 2.11 



to 



2.19 cover personal 



finance 



and should be done 



in 



order. 








Chapters 2.20 and 2.21 cover critical analysis and should 



be 



done 



in 



order. 








Chapters 2.22 



to 



2.43 cover 



the 



three options. 








Each Section 



2 



chapter starts with 



a 



scenario that 



you 



discuss and 








investigate 



in 



order 



to 



learn 



the 



content. There 



are 



also closed questions 



to 








test your understanding which have red bullets and answers online, worked 








examples and questions for practice. 








The green bullets are questions 



to 



work on 



to 



deepen your understanding and 








they have many possible outcomes. The maths help box gives references 



to 








relevant chapters 



in 



Section 



3. 



Answers 



are not 



supplied 



for 



these questions. 








The practice questions are on the topics 



in 



the 



specification 



listed 



in 



the 








contents. Those marked with 



an 








are to 



support 



the 



assessment 



of 








students’ progress. 








The stars 



for the 



maths level give 



you a 



rough idea 



of 



how challenging 



the 








maths 



is! 








❯   



Section 3: Maths help 








This section: 








❯   



is a 



reference section 



for 



techniques 








❯   



gives additional worked examples and explanations 








❯   



gives additional practice questions 








❯   



is to be 



dipped 



into 



when 



you 



need 



it. 








❯   



Answers 








Answers 



can be 



found 



at 



www.hoddereducation.co.uk/AQALevel3CertMath 








Studiesanswers 








Answers 



are 



provided 



for all the 



practice questions and questions 



in the 








text with blue (Section 



1) 



and red (Section 



2) 



bullets. There are no answers 








provided for questions with green bullets. 








E 








How to get the most from this 



book 
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Chapter 1.1 








* 








Use 



of 



spreadsheets and tables 








Knowledge 



and use of the 



GCSE mathematical content 



of 



analysis 



of data 








Chapter 1.2 








* 








Knowledge 



and use of the 



GCSE mathematical content 



of 



maths 



for 



personal 



finance 



elements 








Chapter 1.3 








* 








Knowledge and use 



of 



the formulae 



for 



the circumference and the area 



of a 



circle 








Chapter 1.4 








* 








Knowledge and use 



of 



the formulae 



for 



the perimeter 



of 



two-dimensional shapes, their areas 








and 



for 



calculating fractional areas 



of 



circles and composite shapes 








Chapter 1.5 








* 








Calculate surface areas 



of 



spheres, cones, pyramids and composite solids 








Apply the concepts 



of 



similarity, including lengths 



in 



similar 



figures, 



and Pythagoras’ theorem 








applied 



to 



two- and three dimensional 



figures 








Chapter 1.6 








* 








Knowledge and use 



of 



the formula 



y 



= 



mx 



+ 



c 








Find 



the 



gradient 



of a 



straight 



line 



connecting 



two 



different points 








Chapter 2.1 








* 








E1.1 Representing 



a 



situation mathematically, making assumptions 



and simplifications; 








students 



will 



engage 



in the 



tackling 



of 



‘open’ mathematical problem-solving where there 



may 








not be a 



clear single approach 



or 



‘correct’ answer 








E1.2 Selecting and using appropriate mathematical techniques 



for 



problems and situations 








E1.3 Interpreting results 



in the 



context 



of a 



given problem 








E1.4 Evaluating methods and solutions including how they may have been affected 



by 








assumptions made 








Chapter 2.2 








** 








E1.1 Representing 



a 



situation mathematically, making assumptions and 



simplifications; 








tackling 



of 



‘open’ mathematical problem-solving where there may not 



be a 



clear single 








approach 



or 



‘correct’ answer 








E1.2 Selecting 



and 



using appropriate mathematical techniques 



for 



problems 



and 



situations 








E1.3 Interpreting results 



in 



the context 



of a 



given problem 








E1.4 Evaluating methods and solutions including how they may have been affected 



by 








assumptions made 








Chapter 2.3 








* 








E2.1 Making 



fast, 



rough estimates 



of 



quantities 



that are 



either 



difficult or 



impossible 



to 








measure directly 








Chapter 2.4 








* 








E2.1 Making fast, rough estimates 



of 



quantities that are either 



difficult or 



impossible 



to 








measure directly 








Chapter 2.5 








* 








D1.1 Appreciating the difference between qualitative and quantitative data, including the 








difference between discrete and continuous quantitative data 








D4.1 Constructing 



and 



interpreting diagrams 



for 



grouped discrete data, knowing their 








appropriate 



use and 



reaching conclusions based 



on 



these diagrams, including 



box and 








whisker plots 



and 



stem-and-leaf diagrams (including back-to-back) 








D3.1 Calculating/identifying mean, median, mode, quartiles, either from raw data 



or 



from 








stem-and-leaf diagrams 



or 



box plots 








D3.2 Interpreting these numerical measures and reaching conclusions based 



on 



these measures 








SPECIFICATION 








REFERENCES 
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Chapter 2.6 








* 








D1.2 Appreciating the difference between primary and secondary data 








D1.3 Collecting quantitative 



and 



qualitative primary 



and 



secondary 



data 








D4.1 Constructing and interpreting diagrams 



for 



grouped continuous data, knowing their 








appropriate use and reaching conclusions based 



on 



these diagrams including cumulative 








frequency graphs 








Chapter 2.7 








** 








D3.1 Calculating/identifying the (mean, median, mode, quartiles), percentiles, range, 








interquartile range whether from raw data 



or 



from cumulative frequency diagrams, stem- 








and-leaf diagrams 



or 



box plots 








D3.2 Interpreting these numerical measures 



and 



reaching conclusions based 



on 



these measures 








Chapter 2.8 








** 








D4.1 Constructing and interpreting diagrams 



for 



grouped continuous data, knowing their 








appropriate use and reaching conclusions based 



on 



these diagrams, including histograms 








with unequal class intervals 








Chapter 2.9 








** 








D2.1 Inferring properties 



of 



populations 



or 



distributions from 



a 



sample, whilst knowing the 








limitations 



of 



sampling 








D2.2 Appreciating 



the 



strengths 



and 



limitations 



of 



random, cluster, 



stratified and 



quota 








sampling methods 



and 



applying 



this 



understanding when designing sampling strategies 








Chapter 2.10 








** 








D3.1 Calculating/identifying 



the 



mean 



and 



standard deviation, whether from 



raw data or 



from 








stem-and-leaf diagrams 








D3.2 Interpreting these numerical measures and reaching conclusions based 



on 



these measures 








Chapter 2.11 








** 








F4.1 Student loans 








F2.5 Solving problems involving percentage increase 








Chapter 2.12 








** 








F3.1 Simple and compound interest, Annual Equivalent Rate (AER) 








F3.2 Savings and investments 








F2.5 Solving problems involving simple and compound interest 








F7.2 Setting up, solving and interpreting the solutions 



to financial 



problems, including those 








that involve compound interest using iterative methods 








F1.3 Applying 



and 



interpreting limits 



of 



accuracy, specifying simple error intervals 



due to 








truncation 



or 



rounding 








Chapter 2.13 








** 








F4.1 Annual Percentage Rate (APR) 








F1.1 Substituting numerical values into formulae and 



financial 



expressions 








Chapter 2.14 








** 








F4.1 Mortgages 



and 



Annual Percentage Rate 








F5.1 Graphical representation, interpreting results from graphs 



in financial 



contexts 








F1.1 Substituting numerical values into formulae, spreadsheets and 



financial 



expressions 








F1.2 Using conventional notation 



for 



priority 



of 



operations, including brackets, powers, roots 








and 



reciprocals 








Chapter 2.15 








** 








F6.1 Income tax, National Insurance 








F1.2 Using conventional notation 



for 



priority 



of 



operations, including brackets, powers, roots 








and reciprocals 








Chapter 2.16 








** 








F2.1 Interpreting percentages 



and 



percentage changes 



as a 



fraction 



or a 



decimal 



and 








interpreting these multiplicatively 








F2.4 Working with percentages over 100% 








F2.5 Solving problems involving percentage change, including percentage increase/decrease 








and 



original value problems 








F6.1 Value Added Tax (VAT) 








Chapter 2.17 








** 








F7.1 The effect 



of inflation, 



Retail Price Index (RPI), Consumer Price Index (CPI) 








F2.2 Expressing 



one 



quantity 



as a 



percentage 



of 



another 








F2.3 Comparing two quantities using percentages 








F2.5 Solving problems involving percentage change, including percentage increase/decrease 
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Chapter 2.18 








** 








F7.3 Currency exchange rates including commission 








F1.1 Substituting numerical values 



into 



(formulae), spreadsheets (and 



financial 



expressions) 








F5.1 Graphical representation percentage change 








Chapter 2.19 








* 








F7.4 Budgeting 








F1.1 Substituting numerical values 



into 



formulae, spreadsheets 



and financial 



expressions, 








including bank accounts 








F1.4 Finding approximate solutions 



to 



problems 



in financial 



contexts 








Chapter 2.20 








* 








C1.1 Criticising the arguments 



of 



others 








C2.1 Summarising 



and 



report writing 








C3.1 Comparing results from 



a 



model with real data 








C3.2 Critical analysis 



of data 



quoted 



in 



media, political campaigns, marketing 



etc 








Chapter 2.21 








* 








C3.2 Critical analysis 



of data 



quoted 



in 



media, political campaigns, marketing 



and so on. 








Knowing 



and 



using 



the 



mathematical content 



of 



analysis 



of data 








C1.1 Criticising the arguments 



of 



others 








C2.1 Summarising 



and 



report writing 








Chapter 2.22 








** 








S1.1 Knowledge that the normal distribution 



is a 



symmetrical distribution and that the 








area underneath the normal ‘bell’ shaped curve represents probability. Knowledge that 








approximately 2/3 



of 



observations 



lie 



within 



1 



standard deviation 



of 



the mean and that 








approximately 95% 



of 



observations 



lie 



within 



2 



standard deviations 



of 



the mean 








Chapter 2.23 








***    S2.1 



Use of the 



notation N(μ, 



σ 



2) 



to 



describe 



a 



normal distribution 



in 



terms 



of 



mean 



and 








standard deviation 



and use of the 



notation N(0, 



1) for the 



standardised normal distribution 








with 



mean 



= 0 and 



standard deviation 



= 1 








S3.1 Using 



a 



calculator 



or 



tables 



to find 



probabilities 



for 



normally distributed data with 








known mean and standard deviation 








Chapter 2.24 








** 








S4.1 Understanding what 



is 



meant 



by 



the term ‘population’ 



in 



statistical terms. 








S4.2 Developing ideas 



of 



sampling 



to 



include 



the 



concept 



of a 



simple random sample from 



a 








population 



and a 



systematic sample 








Chapter 2.25 








***    S5.1 Knowing that the mean 



of a 



sample 



is 



called 



a 



‘point estimate’ 



for 



the mean 



of 



the 








population; appreciating that accuracy 



is 



likely 



to be 



improved 



by 



increasing the sample size 








S6.1 



Confidence 



intervals 



for 



the mean 



of a 



normally distributed population 



of 



known 








variance using 



σ/n; 



confidence 



intervals will always 



be 



symmetrical, the 



confidence 



level 








required and the sample size will always 



be 



stated 








Chapter 2.26 








** 








S7.1 Recognising when pairs 



of data are 



uncorrelated, correlated, strongly correlated, 








positively correlated 



and 



negatively correlated 








S7.2 Appreciating that correlation does not necessarily imply causation 








S7.3 Understanding the idea 



of an 



outlier; identifying and understanding outliers and making 








decisions whether 



or 



not 



to 



include them when drawing 



a 



line 



of 



best 



fit 








Chapter 2.27 








*** 



   S8.1 Understanding 



that the 



strength 



of 



correlation 



is 



given 



by the 



pmcc 








S8.2 Understanding that the pmcc always has 



a 



value 



in 



the range 



–1 to 1 








S8.3 Appreciating the 



significance of a 



positive, zero 



or 



negative value 



of 



pmcc 



in 



terms 



of 








correlation 



of 



data 








S10.1 Using 



a 



calculator 



to 



calculate 



the 



pmcc 



of raw data 








Chapter 2.28 








***    S9.1 Plotting data pairs 



on 



scatter diagrams and drawing, 



by 



eye, 



a 



line 



of 



best 



fit 



through 








the mean point 








S9.2 Understanding the concept 



of a 



regression line 








S9.3 Plotting 



a 



regression line from 



its 



equation 








S9.4 Using interpolation with regression lines 



to 



make predictions 








S9.5 Understanding 



the 



potential problems 



of 



extrapolation 








S10.1 Use 



a 



calculator 



to 



calculate the equation 



of 



the regression line 
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Chapter 2.29 








***    R1.1 Representing compound projects 



by 



activity networks 








R1.2 Activity-on-node representation 



will be 



used 








R2.1 Using early time and late time algorithms 



to 



identify critical activities and 



find 



the 








critical path(s) 








R3.1 Using Gantt charts (cascade diagrams) 



to 



present project activities 








Chapter 2.30 








***   



R4.1 Understanding 



that 



uncertain outcomes 



can be 



modelled 



as 



random events 



with 








estimated probabilities; knowing 



that the 



probabilities 



of an 



exhaustive 



set of 



outcomes 








sum to 



one 








R4.2 Applying ideas 



of 



randomness, fairness and equally likely events 



to 



calculate expected 








outcomes 








Chapter 2.31 








** 








R5.1 Understanding and applying Venn diagrams and simple tree diagrams; understanding 










the P(A), P(A’), P(A∪B) and P(A∩B) notation 











R6.1 Calculating 



the 



probability 



of 



combined events: both 



A 



and 



B; 



neither 



A 



nor 



B; 



either 



A 








or 



B 



(or 



both); 



to 



include independent 



and 



dependent events 








Chapter 2.32 








** 








R7.1 Calculating the expected value 



of 



quantities such 



as financial 



loss 



or 



gain 








Chapter 2.33 








* 








R8.1 Understanding that many decisions have 



to be 



made when outcomes cannot 



be 








predicted with certainty 








Chapter 2.34 








** 








R9.1 Understanding that the actions that can 



be 



taken 



to 



reduce 



or 



prevent 



specific 



risks 








may have their own costs; including the costs and 



benefits of 



insurance 








Chapter 2.35 








** 








R10.1 Using probabilities 



to 



calculate expected values 



of 



costs 



and benefits of 



decisions; 








other factors must 



be 



considered, 



for 



example: 








the regulatory framework (e.g. compulsory insurance) 








minimising the maximum possible loss 








R10.2 Understanding that calculating 



an 



expected value 



is an 



important part 



of 



such 








decision making 








Chapter 2.36 








** 








G1.1 Sketching and plotting curves 



defined by 



simple equations 








Chapter 2.37 








** 








 G2.1 Plotting and interpreting graphs (including exponential graphs)



in 



real contexts, 



to find 








approximate solutions 



to 



problems; including understanding the potential problems 



of 



extrapolation 








G2.2 Interpreting 



the 



solutions 



of 



equations 



as the 



intersection points 



of 



graphs 



and vice 



versa 








Chapter 2.38 








** 








G3.1 Interpreting the gradient 



of a 



straight line graph 



as a 



rate 



of 



change 








G3.3 Estimating rates 



of 



change 



for 



functions from their graphs 








Chapter 2.39 








***   



G3.2 Interpreting 



the 



gradient 



at a 



point 



on a 



curve 



as an 



instantaneous 



rate of 



change 








G3.3 Estimating rates 



of 



change 



for 



functions from their graphs 








Chapter 2.40 








** 








G4.1 Knowing that the average speed 



of an 



object during 



a 



particular period 



of 



time 



is 



given 








by 



distance travelled/time taken 








G5.1 Knowing 



that the 



gradient 



of a 



distance–time graph represents speed 



and that the 








gradient 



of a 



velocity–time graph represents acceleration 








Chapter 2.41 








***   G7.1 Understanding that 



e 



has been chosen 



as 



the standard base 



for 



exponential functions; 










knowing that the gradient 



at 



any point 



on 



the graph 



of 



y 



= 



e 



x 



is 



equal 



to the 



y 



value 



of that 



point 











Chapter 2.42 








***   G6.1 Using 



a 



calculator 



to find 



values 



of 



a 



x; 



the laws 



of 



logarithms will not 



be 



required 








G6.2 Using 



a 



calculator 



log 



function 



to 



solve equations 



of the 



form 



a 



x 



= 



b 



and 



e 



kx 



= 



b 








G8.1 Formulating and using equations 



of 



the form 



y 



= 



Ce 



x 



and 



y 



= 



Ce 



kx 








G8.2 Using exponential functions 



to 



model growth 



in 



various contexts 








Chapter 2.43 








*** 



  G6.1 Using 



a 



calculator 



to find 



values 



of the 



function 



a 



x; 



the laws of 



logarithms 



will not 








be required 








G6.2 Using 



a 



calculator 



log 



function 



to 



solve equations 



of 



the form 



a 



x 



= 



b 



and 



e 



kx 



= 



b 








G8.1 Formulating and using equations 



of 



the form 



y 



= 



Ce 



x 



and 



y 



= 



Ce 



kx 








G8.2 Using exponential functions 



to 



model growth 



and 



decay 



in 



various contexts 
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SECTION 1: GETTING  








STARTED – TALKING  








ABOUT MATHS 








1.1 








CHAPTER 








VOTING 








❯  



  Are elections fair? 








This 



is 



what happened 



in the 



2015 



UK 



General Election: 








First Past the Post 








Explained 










UKIP 



3.8 



m 



votes 



= 1 



MP 








Greens 



1.1 



m 



votes 



= 1 



MP 








SNP 



1.5 



m 



votes 



= 56 



MPs 











It is 



easy 



to say that 



results 



are 



unfair when 



we 








disagree with them, 



but 



harder 



to 



back 



up our 








statement when 



we are 



challenged. Processing 



the 








data helps 



to 



make 



the 



case, 



but can 



also 



be 



used 








to 



make whatever case 



you 



want 



it to! 








➜ 



  Using fractions 



and 



percentages 








➜ 



  Interpreting tables, charts 



and 



diagrams 








➜ 



  Calculating averages and range 








WHAT YOU NEED TO KNOW ALREADY 








What questions do 








you need to ask? 








Do these results 








seem fair? 








Does it explain ‘first 








past the post’? 








Do you understand 








this 



information? 








p304 Chapter 3.2 Spreadsheet formulae 








p322 Chapter 3.8 Representing and analysing data 








p359 Chapter 3.15 Percentages 








MATHS HELP 








➜  



Researching 








➜  



Using spreadsheets 








➜  



Representing 



data 








➜  



Interpreting 



data 








PROCESS SKILLS 








How could you show 








whether these results 








are fair or not? 








★ 
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Chapter 1.1 



Voting 








Investigate 








More detail about the results 



of 



the 2015 General Election 



is 



available on line 



– 








search for 



it! 










❯  



Most of 



the parties could be voted for 



in 



each 



of 



the four countries 



of 



the 











UK – 



which ones? Which parties could 



you 



vote 



for in 



only 



one of the 



UK’s 








countries? 



Is 



that fair? 










❯  



Set up a 



spreadsheet 



to 



calculate, 



for 



each 



of the 



parties, how many votes 











were cast 



for 



each seat. 



You 



may wish 



to 



focus 



on 



your own region. 










❯  



Draw 



some charts and graphs using 



the 



options 



on the 



spreadsheet. 



Do 



they 











help 



to 



communicate 



the 



data? 










❯ 



 Calculate 



the 



mean and 



the 



median number 



of 



votes cast 



per 



seat. Which 



do 











you 



think best represents 



the 



data? 








Discuss 










❯ 



  What 



do 



your charts show? What 



sort of 



chart 



do you 



think shows 



the 



data 











most clearly 



– 



and why? 










❯



  What 



is 



meant 



by ‘first 



past 



the 



post’ and ‘proportional representation’ voting 











systems? Which 



is 



fairer? 










❯ 



  Would 



this data encourage you 



to 



consider proportional representation rather 











than 



‘first 



past the post’ 



to 



elect your Members 



of 



Parliament? 








Share of 








votes 








Share of 








seats 








0% 








10% 








20% 








30% 








40% 








50% 








60% 








70% 








80% 








90% 








100% 








UKIP 








GRN     Other 








CON 








LAB 








SNP 








LD 








1 



 Set up 



a 



spreadsheet 



to 



draw charts 



to 



compare 








the 



number 



of 



seats actually won 



by 



each party 








in 



2015 with the number 



of 



seats they would 








have won 



if 



the seats had been distributed 








in 



proportion 



to 



the number 



of 



votes cast. 








Would 



a 



proportional system have 



affected 



the 








outcome 



of the 



election? 








2 



 If 



proportional representation had been used 








for the 



data shown, what 



are the 



possibilities 



for 








a 



coalition government? 








QUESTIONS 








Reflect 








Did 



your research help 



you 



understand 



the 



problem? 








Did you 



have new ideas? 








Were you able 



to 



use 



a 



spreadsheet? 








Were you able 



to 



interpret the data 



in 



different ways? 
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1.2 








CHAPTER 








RUNNING 



YOUR 








OWN CAR 








❯ 



  Now I’ve passed my test I 








want my own car! 








Where can I buy a 








cheap car? 








I’ll need insurance 








How will I pay for it? 








Having your own 



car 



means 



that you 



have much 








more freedom over where you 



go 



and when, 








without having 



to rely on 



others. There 



are lots 








of benefits to 



having your own 



car but 



there 



are 








plenty 



of 



costs 



too. 



This chapter looks 



at the 








financial 



aspects 



of 



running 



a car. 








➜ 



  Calculating 



with 



money 








WHAT YOU NEED TO KNOW 



ALREADY 








p304 Chapter 3.2 



Spreadsheet formulae 








p316 Chapter 3.6 Personal 



finance 








p352 Chapter 3.13 Formulae and calculation 








MATHS HELP 








➜ 



  Estimating costs 








➜ 



  Researching costs 








➜ 



  Making decisions 








➜ 



  Evaluating decisions 








PROCESS 



SKILLS 








H 
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Chapter 1.2 



Running your own car 








Buying a car 








It is 



easy 



to find a car to buy in 



newspapers (still), online 



or at a 



local showroom. 








The 



difficult bit is finding the 



money 



to pay for it. 








Discuss 








❯ 



What 



make and model 



of 



car do you want? 








❯ 



How 



much can you afford 



to 



pay? 








❯ 



What 



factors may affect what car you buy? 








Investigate 








Research 



the 



cars 



for 



sale 



in 



your local area. 








What 



is the 



price range 



of 



cars that 



are for 



sale? What does 



the 



price depend 



on? 








What kind 



of 



things make 



the car 



more expensive? What brings 



the 



price down? 








Discuss 








How 



can you pay for the car you 








want? 



Do you 



have 



any 



savings? 








Would 



a 



family member help 



you 



out? 








You have 



to 



wait until you are 18 



to 








get 



a 



loan. Do you have 



a 



part-time 








job? 








You may have the skills 



to 



do up an 








old car, 



which would reduce 



the 



cost 








substantially. 








Running a car 








Discuss 










❯



What 



are the 



costs involved 



in 



running 



a 



car? How much 



are 



they likely 



to be 











for the car you have your eye on? 








You will have 



to 



pay road tax for the car. 



At 



the time 



of 



writing, that costs more 








for cars with more powerful engines. You need 



to 



have insurance and this 



is 








more expensive 



for 



young drivers. 



You can 



choose comprehensive insurance 



or 








save 



by just 



having third party insurance. 








❯



What 



is the 



difference between them? 








The car needs an MOT 



certificate 



once 



it is 



three years old, 



to 



show 



it is 








roadworthy, and 



you 



should have some money available 



for 



repairs and 








maintenance. The cost 



of fuel 



depends 



on 



how many miles 



you do 



and 



the 



size 








and 



efficiency of the 



engine. 
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Chapter 1.2 



Running your own car 








Investigate 








Work out how much the likely costs will 








be 



for 



a 



car that you have 



identified, 



and 








which 



you can 



reduce 



if you 



need 



to. You 








may wish 



to 



work 



this out 



monthly rather 








than yearly. 



You can pay 



insurance 



and 








the tax 



by 



instalments, 



so 



you 



do 



not 








need 



to find all of 



the money 



in 



one go. 








You 



could 



set up a 



spreadsheet 



for this 








so that you can 



quickly 



see the 



effect 



of 








reducing 



or 



increasing 



a 



cost. 








Funding it 








You 



may have had help buying 



the car, but it is 



likely that 



you will 



have 



to 



fund 








the 



running costs yourself. What income 



do you 



have? Can 



you get a 



part-time 








job? How much 



is it 



likely 



to 



pay? Will your friends pay towards the petrol 



if 



you 








give them lifts? How much would you ask for? 








Investigate 








Research opportunities locally 



for 



part-time work 



to 



generate some income. 



You 








should also consider how the time spent might affect your studies. Some jobs 








may want you 



all 



through the year, others are seasonal 



so 



need you 



at 



Christmas 








or 



during 



the 



summer. Remember 



to 



include likely contributions from friends 








and family. Again, 



a 



spreadsheet may 



be 



helpful. 








1   



Jan buys 



a 



car for £500 and insurance for 








£700. The 



car tax costs £30. She allows £200 








for repairs and anticipates that she will spend 








£50 



per 



month 



on 



petrol. She hopes 



to pay 








off the car, having borrowed money from her 








parents, 



in 



the 



first 



year. Her parents have said 








she can have the equivalent 



of 



her bus fares for 








college (£14 per week) towards running costs. 








How much extra does she need 



to find 



each 








month? 








2 



  Jen decides she needs 



a 



part-time job 



to 



fund 








running 



a 



car. She can get 



a 



job 



at 



the local 








superstore earning £3.95 an 



hour. They 



have 








12 



hours 



of 



work each week 



to offer 



her. 



If her 








costs are similar 



to 



Jan’s 



in 



question 



1, 



will she 








be able 



to 



run the car? 








QUESTIONS 








Reflect 








Did your research contribute 



to 



the discussion? 








Were you able 



to 



use mathematics 



to 



solve problems? 








Were you able 



to 



see different approaches 



to 



the problem? 








Were 



you 



able 



to 



adjust your ideas? 
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CHAPTER 








1.3 








RUNNING SMART 








❯  



Which lane is best? 








Geometrical shapes are used 



in 



most sports 



to 



create 








the 



pitch 



or 



area 



that 



they 



are 



played 



on. You 



have 








probably never thought about 



the 



calculations 



and 








measurements 



that are 



involved. Perhaps they 



are to 








make 



the 



game fair, 



or 



there may 



be 



other reasons 








behind the measurements used. 










➜ 



  Calculating perimeters 



and 



areas 



of 



compound 











shapes 








WHAT YOU NEED TO KNOW ALREADY 








p306 Chapter 3.3 



Perimeter 



and area 








MATHS HELP 








➜   



Representing 



a 



problem 








➜   



Conjecturing about decisions 








➜   



Deducing from information 








➜   



Making assumptions 








PROCESS 



SKILLS 








Dame Kelly Holmes won 








two gold medals at the 








2004 Olympic Games 








To win the 800 m, she 








completed nearly the 








whole of the final lap in 








lane 2 








How does the 








staggering work? 








Why did Kelly Holmes 








run in lane 2? 








Why is the track 








that shape? 








Lane 1 is the 








shortest distance 








H 
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Chapter 1.3 



Running smart 








Investigate 








You may know the answers 



to 



some 



of 



these already but there may be more than 








one answer. 








❯  



What shape 



is a 



running track? 








❯  



How 



is 



this structured 



as a 



combination 



of 



shapes? 








❯  



How long 



is 



each section 



of the 



track? 



Is 



there 



a 



rule? 








❯  



What 



do you 



need 



to 



know 



to find the 



area and perimeter 



of a 



running track? 








❯  



How wide 



is 



each lane 



on a 



running track? 








Discuss 








The lanes 



are 



different lengths 



so 



how 



is this 



managed 



in 



middle-distance 








running races? 








❯  



What about 



the 



800 



m specifically? 








Investigate 








What other activities take place 



in 



the centre 



of a 



running track during an 








athletics competition? 








❯  



How much space do these activities require? 








❯  



Can you 



find 



out why running tracks are usually 400 m? 








Discuss 










❯  



What 



is the 



problem with running 



the 



whole 



of the last lap of a 



race 



in 



lane 



2, 











when everyone else 



is 



running 



in 



lane 



1? 










❯  



In 



which sections 



of the 



track 



is this 



most challenging? 








❯  



Why might 



an 



athlete choose 



to run in 



lane 



2 



throughout most 



of the final 



lap? 








❯  



Is it 



better 



to 



have 



a 



track with longer straights 



or 



longer bends? What would 











be the 



advantages and disadvantages 



of 



each design? Think about 



the 








competitors 



as 



well 



as 



other factors that may affect 



the 



design. 










❯  



If you 



know 



the 



lengths 



of the 



straights 



of a 



track, how 



can you 



work 



out the 











lengths 



of 



the bends? 



Or 



the distance between the straights? 
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Chapter 1.3 



Running smart 








1 



One stadium designs their 400 



m 



track like this: 








60 m 








a  



What 



is 



the total distance round the two 








bends on this track? 








What shape do the two bends make when put 








together? 








HINT 








b  



One lap 



is 



400 m. How long 



is 



each straight 








of the 



track? 








c  



The lanes on this track are 1.22 



m 



wide. 








Work out the 



difference 



between the 








distance round this track 



in 



lane 



2 



and lane 



1. 








What assumptions 



did 



you make 



in 



order 



to 








work this out? 








d  



Work out the area 



of 



the ground contained 








within 



the 



track. 








2 



Another stadium designs 



a 



track with 



a 



width 








of 



65 



m. The 



lanes are 1.22 



m 



wide. 








a  



What 



is 



the 



difference 



between the distance 








round this track 



in 



lane 



2 



and lane 



1? 








b  



How far down the track does an athlete 








running 



a 



lap 



in 



lane 



8 



start 



to 



ensure their 








lap 



is 



the same distance 



as 



an athlete running 








in 



lane 



1? 








What assumptions did you make 



in 



order 



to 








work this out? 








c  



What 



is 



the area 



of 



the ground contained 








within the track? 








3 



A 



stadium designer produces 



a 



track that has 








bends and straights each 100 



m 



long. 








a  



What 



is 



the distance between the straights 








so 



that each 



of 



the sections 



of 



the track 



is 








100 



m 



long? 








b  



What 



is 



the area 



of 



ground inside the track, 








for 



field 



events? 








What assumptions did you make 



in 



order 



to 








work this out? 








4 



In 



1986 



the 



men’s javelin was redesigned; 



its 








centre 



of 



gravity was moved forward by four 








centimetres. This 



shortened throwing distances 








by approximately 10 per 



cent. This 



was done 








because the men, following 



a 



world record 



of 








104.80 



m by 



East Germany’s Uwe Hohn 



in 








1984, were 



in 



danger 



of 



throwing the javelin 








beyond the space available 



in 



normal stadiums. 








Source: http://www.iaaf.org/disciplines/throws/javelin-throw 








A 



javelin thrower takes their run-up across the 








track. What 



are the dimensions 



of 



the track 



if 








there 



is 



enough space 



for a 



throw 



of 



104.8 



m? 








What assumptions did you make 



in 



order 



to 








work this out? 








QUESTIONS 








Reflect 








Were you able 



to 



see different points 



of 



view? 








How has your research helped you with your designs? 








Could 



you use 



your mathematical knowledge 



to 



solve these problems? 








Did you 



think 



of any 



ideas? 
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Chapter 1.4 



Maps and measuring 








Discuss 








How could you work out these measurements for the New Forest? 








Which shapes could you use 



to 



approximate the shape 



of 



the forest on the map? 








To find the 



area 



of the 



forest, 



you 



could start 



by 



approximating 



its 



shape with 



a 








very simple shape, such 



as 



the red triangle shown here. 








❯  



How good 



an 



approximation 



do you 



think 



the 



triangle 



is for the 



shape 



of the 








forest? 








❯  



Do you think 



it is 



an underestimate 



or 



an overestimate? 








You 



may know 



two 



ways 



to find the 



area 



of a 



triangle: 








–  



Calculate 



half the 



base times 



the 



perpendicular height 








–  



Calculate 



half the 



product 



of two 



sides multiplied 



by the 



sine 



of the 



angle 








between them 








In 



either case, 



you 



have 



to do 



some measuring 



on the 



diagram, and 



use the 








scale 



to get the 



lengths 



you 



need 



for the 



calculations. 








Discuss 








❯  



How 



can you use the 



scale 



on the 



map 



to get the 



real-life measurements 



of 








the 



base and height 



of the 



triangle? 








The area 



of the 



triangle works 



out as 



approximately 320 



km². 








Can 



you 



explain 



to 



someone else 



in the 



group how 



to get 



that answer 








(approximately)? 








Discuss 








❯  



What other simple shapes could 



you 



draw 



on the 



map 



to 



approximate 



the 








area 



of the 



New Forest? 








Investigate 








❯  



Try drawing 



a 



rectangle 



to 



approximate the area and calculate this area using 








base multiplied 



by 



height. 








Because 



the 








reproduction 



of 



the 








map on the next page 








is not the 



same size 



as 








the 



original, 



the 



scale 








1 : 



400 000 



will not be 








correct. 








You can, however, 








use the marked 








0__ 



2.5__ 



5 km line to 








determine 



the 



scale. 








HINT 








You will 



need 



a 



ruler. 








HINT 
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Chapter 1.4 



Maps and measuring 








If the 



shape 



has 



straight sides, 



it can 



always 



be 



split 



into 



triangles whose areas 








can be 



found, 



so you 



could, 



for 



example, 



use the 



black hexagon shown here. 








The dashed 



line 



shows 



the 



hexagon split 



into two 



quadrilaterals, 



one of 



which 



is 








a 



trapezium. 








Investigate 








❯  



Use 



the 



internet 



to 



research 



a 



more accurate 



figure for the 



area 



of the 



forest. 








❯  



Use perimeter 



as 



your measure and estimate 



the 



perimeter 



of the 



forest. 








❯  



Is the 



area 



you get 



bigger 



or 



smaller than that given 



by the 



triangle 








approximation? 








❯  



Which 



do you 



think 



is 



closer 



to the 



actual area 



of the 



forest? 








❯  



What other shapes could you try? 








Whatever shape 



you 



draw, 



you 



need 



to be 



able 



to find its 



area. 








The 



formula 



for the 








area 



of a 



trapezium 








is 



half the sum 



of 



the 








parallel sides multiplied 








by the 



distance 








between them. 








HINT 
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Chapter 1.4 



Maps and measuring 








2 



Use 



a different 



method 



to find 



the area 



of 



the red triangle on the New Forest map. 








3 



Draw 



a 



circle that approximates 



to 



the New Forest and use 



it to 



calculate the area 



of 



the forest using 










the formula 











4 



This diagram shows 



a simplified 



version 



of 








the map 



of a field, 



drawn 



to a 1 :10 



000 scale 








(which means that every centimetre on the 








map represents 10 000 cm 



in 



real life). 








a  



Find the perimeter 



of 



the 



field. 








b  



Calculate the area 



of 



the 



field in 



hectares. 








(A hectare 



is 



10 000 



m2.) 








QUESTIONS 








7 



cm 








Reflect 








Were 



you 



able 



to see 



different approaches? 








Were 



you 



able 



to use 



maths 



to 



solve 



the 



problem? 








Were you able 



to find 



helpful information on the internet? 








Were you able 



to 



think 



of 



new ideas? 

















CHAPTER 








1.5 
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ICE 



CREAM CONES 








❯  



  What is the optimal 








size and shape of an ice  








cream cone? 








There are different 








types of wafer 








It’s handy if it 








stands up 








If it’s too small 








at the top the ice 








cream falls off! 








My daughter drops 








hers if the cone is 








too fat 








➜ 



Finding surface area 



of 



cylinders, cones and 








frustums 








➜ 



Substituting into formulae 








➜ 



Using similarity and ratio 








➜ 



Using Pythagoras’ theorem 








WHAT YOU NEED TO KNOW ALREADY 








There 



is a 



huge range 



of 



cones 



that ice 



cream sellers 








can 



buy. 



But 



how 



do 



they decide? What factors 



do 








they consider? Where 



do 



they start? What would 



you 








choose? Why? Would your choice 



be the 



most popular 








choice 



for the 



majority 



of 



customers? Many problems 








that 



need 



to be 



solved 



are 



affected 



by 



several factors. 








It is 



important 



to 



make sure 



you 



have considered them 








all in 



order 



to 



decide which ones 



are the 



priority 



for 








further investigation. 








p309 Chapter 3.4 



Surface areas 








p312 Chapter 3.5 



Triangles 



and 



similarity 








MATHS HELP 








➜ 



Modelling 



a 



shape 








➜ 



Evaluating results 








➜ 



Justifying decisions 








➜ 



Criticising designs 








PROCESS SKILLS 








★ 
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Chapter 1.5 



Ice cream cones 








The image 



on the 



previous page shows 



a 



variety 



of 



‘cones’. Although they 



are 








called cones they are not 



all 



cone-shaped! 



To 



avoid confusion 



in 



this chapter: 








– 



Cornet 



means 



the 



hand-held container 



for ice 



cream made 



of 



wafer 








– 



Cone 



means 



the 



mathematical shape. 








Investigate 










❯  



By 



eating 



ice 



cream, 



or by 



researching 



on the 



internet, draw 



up a list of 











images representing 



all the 



different shapes 



of 



cornet that 



are 



available. 








Describe each shape. 



Try to 



include 



the 



words cylinder, sphere, cone and 








frustum 



in 



your descriptions. 








Discuss 










❯  



Draw 



up a list of 



factors 



that 



an ice 



cream seller might want 



to 



consider when 











deciding what cornets 



to 



buy. 








Here 



are just a few 



factors 



you 



might consider. 








The height of the cornet 








Discuss 










❯  



What factors do you need 



to 



consider when deciding the optimum height for 











a 



cornet? 








For now, assume the height 



of 



the cornet 



is 



11 cm. 








The size of the opening that holds the ice  








cream ball 








Discuss 










❯  



The 



ice 



cream 



can sit on the 



top, inside 



the 



cornet 



or 



somewhere 



in 



between. 











Which 



is 



best? 








When there 



are a lot 








of 



factors, 



it is a 



good 








idea 



to 



change one 








factor 



at a 



time. 








HINT 








A 








B 








C 
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Chapter 1.5 



Ice cream cones 








Safety 



of the ball is 



part 



of the 



answer, 



but 



taste 



is 



also 



a 



factor. The safest option 








is C 



above, but would the customer taste too much wafer 



in 



proportion 



to 



the 








amount 



of 



ice cream? 








For now, 



fix 



the size 



of 



the opening 



so 



that the ball sits 



in a 



similar way 



to 



the 








vanilla ice cream 



in B 



above. 








Investigate 










❯  



Draw 



a 



large circle 



to 



represent the 



ball of ice 



cream. 



Draw 



a 











line across the ball 



(a 



chord) 



to 



show where you think the top 








of the 



cornet should 



be to fit 



snuggly, 



as in 



example 



B. 



Here 








is a 



diagram showing four possible positions 



for the top of the 








cornet. 








❯  



Measure 



the 



diameter 



of 



your circle and 



the 



length 



of 



your chosen chord. 










❯  



Now 



use 



similarity 



to 



calculate 



the 



length 



this 



chord would 



be on a ball of 











diameter 



5 



cm. Use 



this as the 



diameter 



at the top of 



your cornet. 



Call it 



d. 








The shape of the cornet 








Some cornets 



are 



simple shapes 



like the 



cornet 



in 








example 



A 



above. Others 



are 



‘compound’ shapes 



like 








some 



of 



these. 



For 



now, consider only cornets that 



are 








simple shapes: 








– 



a 



cone 








– 



a 



cylinder 








– 



a 



frustum. 








The ratio of ice cream to wafer 








We have now narrowed our investigation down 



to 



three cornets 



to 



investigate the 








taste factor. 








Investigate 










❯  



Make drawings showing the dimensions 



of 



each 



of 



your cornets. There 



is 











one dimension missing that you will need for the frustum. Call 



it 



w. 



It is 



the 








diameter 



of the 



base. 










❯  



Choose 



a 



value for 



w. 



Give reasons for your choice. 











In 



order 



to 



work out the ratio 



of 



ice cream 



to 



wafer, you will need 



to 



work out the 








volume 



of ice 



cream 



in a ball 



and 



the 



volume 



of 



wafer 



in 



each cornet. 










The volume 



of a 



sphere 



is 








where 



r 



is its 



radius. 








The volume 



of 



wafer 



= 



surface area 



of 



cornet 



× 



thickness 



of 



wafer. 








Assume 



the 



thickness 



of 



wafer 



to be 2 



mm. 











An ice cream seller 








will know what size 








ball of ice 



cream 



he 








will be 



using. Assume 








an ice 



cream 



ball of 








diameter 



5 



cm 



in 



your 








investigations. 








HINT 








A 



chord 



is a 



straight 








line 



that joins 



two 








points 



on a 



curve, 



for 








instance 



a 



circle. 








HINT 








Make sure 



all 



your 








measurements 



are 








in 



the same units 








before using them 



in 








formulae. 








HINT 
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Chapter 1.5 



Ice cream cones 








Investigate 










❯  



Calculate the volume 



of 



ice cream 



in a 



ball. 








❯  



Calculate the volume 



of 



wafer 



in 



both the 



cone 



and cylinder 











you drew previously. 










❯  



Work out the ratio 



of 



ice cream 



to 



wafer 



in 



both 



of 



these 











cases. 








To 



calculate 



the 



surface area 



of the 



frustum 



first find the 



surface area 



of the 








cone that the frustum 



is 



part of. This means you need 



to find 



the full height 



of 








the cone. 








You can 



find 



the height, 



h, 



of 



the cone using similarity. The 








large beige and green cone 



is 



mathematically similar 



to 



the 








green cone. 








This means 



the 



ratio 



of top 



width 



(d) to 



height 



(h) is the 








same 



for 



both cones. 








d 



: 



h 



is the 



same ratio 



as 



w 



: 



h 



– 11 








Investigate 








❯  



You know 



d 



and 



w. 



Find 



h. 








❯  



Now 



find 



l 



using Pythagoras’ theorem. 








❯  



Find 



the 



surface area 



of the 



frustum. 








❯  



Work 



out the 



ratio 



of ice 



cream 



to 



wafer 



in this 



case. 








The taste test 








This 



is 



key. Experimentation 



is the 



only way 



to 



discover what 



the 



right ratio 



is. 








But an ice 



cream seller would want 



to 



choose 



a 



cornet that achieved 



a 



ratio 








close 



to it. 








Discuss 










❯  



By 



considering your three designs, and judging 



by 



your past experience 



of 











eating 



ice 



cream, what 



do you 



think 



is the 



optimum ratio 



of ice 



cream 



to 








wafer? 










❯  



What cornet shape and size 



do you 



think might achieve 



this 



ratio? 











Investigate 








Find 



out 



how 



ice 



cream cornets 



are 



made. 








You 



know 



the 



height 








of 



the 



cone 



is 



11 cm, 








but 



to 



calculate the 








surface area 



of a 








cone 



you 



need 



the 








length 



of the 



side 



of 








the cone. You can use 








Pythagoras’ theorem 








to find 



this. 








HINT 








11 cm 










d 



cm 








l 



cm 













11 cm 













h 



– 



11 



cm 











l 



cm 








h 



cm 










w 



cm 








d 



cm 











You will need 



to 








subtract the surface 








area 



of one 



cone from 








the 



other 



to find the 








surface area 



of the 








frustum. 








HINT 
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Chapter 1.5 



Ice cream cones 








1 



Change the dimensions 



of 



the cone-shaped ice 








cream cornet 



to 



increase the ratio 



of 



ice cream 








to 



wafer. 



It 



should still be designed 



to 



take 



a 








5 



cm ball 



of 



ice cream. 








a  



State the dimensions 



of 



your cone. Justify 








your choices 



for 



each dimension. 








b  



Calculate the ratio 



of 



ice cream 



to 



wafer for 








your design. 








2 



Choose 



a 



cornet that 



is a 



compound shape. 








a  



Provide 



a 



sketch 



of 



your design, including 








dimensions. 








b  



You could estimate the surface area 



of 



your 








design 



by 



splitting 



it 



into 



different 



sections 








and estimating the area 



of 



each section. 








Explain what shapes you would use for 








each section and how you would 



find the 








surface area of each. 








c  



Estimate the surface area 



of 



your cornet. 








3 



Design three 



ice 



cream cornets 



of 



your own 








that are not yet on the market. 








a  



Provide 



a 



sketch 



of 



your designs including 








dimensions. 








b  



What 



are the 



advantages and disadvantages 








of 



each 



of 



your cornets? 








c  



Calculate the surface area 



of 



wafer 



in 








each design. 








QUESTIONS 








Reflect 








Were you able 



to 



think 



of 



different approaches? 








Did you 



have 



any 



good ideas? 








Were 



you 



able 



to use the 



ideas suggested? 








How have 



you 



been able 



to use 



your mathematical understanding 



to 



solve 








a 



real-life problem? 

















33 








CHAPTER 








1.6 
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LINES MAKING LOGOS 








❯  



   A picture paints a 








thousand words 








p301 Chapter 3.1 Straight line graphs 








MATHS HELP 










➜ 



Representing 



an 



image using algebraic equations 








➜ 



Deducing equations 








➜ 



Comparing representations 








➜ 



Creating designs 











PROCESS SKILLS 








Coding 



a 



design 



so that it can be 



stored 



and 



manipulated 








in a 



computer 



has 



many uses. 



A 



simple icon 



can be 








coloured and sized differently 



or 



shown from 



a 



different 








perspective. 



A 



landscape 



in a 



computer game 



can be 








coded 



so that it can be 



viewed 



in 



different ways. 








How can I store a design 








on my computer? 








How can I make different 








sizes of it? 








I want to be able to rotate it 








➜ 



Plotting and reading coordinates 








➜ 



Identifying parallel lines 



and 



lines of symmetry 








WHAT YOU NEED TO KNOW ALREADY 








★ 
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Chapter 1.6 



Lines making logos 








A 



designer 



is 



making 



a 



logo 



for a 



company’s new range 



of 



products. 








The designer produces 



this 



image and 



will 



add 



the 



product name across 



the 



top. 








Discuss 








❯  



What 



are the 



advantages and disadvantages 



of 



using only 



two 



colours 



for a 








logo? 








❯  



What 



are the 



advantages and disadvantages 



of 



using only straight lines 



for a 








logo? 








❯  



How 



do 



companies ensure that they choose 



a 



logo that 



can be 



replicated and 








transformed easily? 








❯  



How 



do 



printers and other manufacturers ensure they 



can 



produce 



an 








identical logo each time? 








❯  



How can we convert the designer’s image into 



a 



mathematical object that 



a 








computer can understand? 








Investigate 








−1 








−1 








−2 








−3 








1 








1 








0 








0 








2 








A 








B 








C 








D 








E 








F 








3 








2 3 








y 








x 








−2 








−3 








Here 



is the 



image without 



the 








shading 



in the 



original picture: 








And here 



is the 



same picture 








shown 



on a 



coordinate grid: 










❯  



How many lines make 



up the 



logo design when 



you 



strip 



out the 



shading? 








❯  



How 



do the 



lines relate 



to 



each other? 








❯  



Can 



you find the 



gradient 



of 



each 



line in the 



design? Which ones 



are the 











same 



or 



related 



to 



each other? 










❯  



Can 



you find the 



y-intercept 



of 



each 



line 



A–F 



in the 



design? 











Discuss 










❯  



Could 



you 



predict where 



the 



y-axis 



is 



positioned 



by 



looking 



at the 



original image? 








❯  



What do you notice about the gradients 



of 



the lines that are parallel? 








❯  



What do you notice about the 



y-intercepts 



of 



the lines? 











The gradient 



of a 



line 








is 



the steepness. 








We can 



find it 








by 



choosing 



two 








points 



on the line 








and calculating 








y 








x 








- 








- 








change in coordinate 








change in coordinate 








HINT 
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❯  



How 



is the 



symmetry 



of the 



design shown 



in the 



gradients and 



y-intercepts 



of 











the lines? 










❯  



Can 



you 



predict 



the 



gradient 



of a line if you 



know 



the 



gradient 



of its 



mirror image? 











Investigate 










❯  



Find 



or 



design 



a 



logo using only straight lines. Use graphing software 



to 



draw 











it 



and experiment with different colourways. 










❯  



Try 



repeating 



the 



logo either 



by 



translating 



it 



(sliding 



it), reflecting it or 











rotating it. 










❯  



Experiment with different ways 



of 



using 



the 



logo. 











1 a 



Give 



the 



equations 



of the six 



lines that make 








up our design 



in 



the form 



= 








+ 








y mx c. 








b  



The designer adds 



a 



line, G, with equation 








1 








= + 








y x 



, 



and 



a 



line, H, that 



is its 



mirror 








image when 



reflected in 



the 



y-axis. 








Give the equation 



of 



the line, H, that 



is 



the 








mirror image 



of G 



when 



reflected in 



the 








y-axis. 








2 



Here 



is 



another design for 



a 



logo, shown on 



a 








coordinate grid: 








1 








2 








3 








4 








A 








D 








E 








C 








B 








5 








6 








x 








y 








2 








3 








4 








5 








6 








7 








0 








0 








1 








Form 



a list of 



equations 



to 



produce 



this 



design. 








Give your equations 



in 



the form 



= + 








y mx c. 








We cannot see line E’s 



y-intercept 








but we can work 



it 



out! 








HINT 








3 



A 



computer programmer for 



a 



textile company 








has input the following equations for 



a 



new 








design: 








  0.5 3 








= 








+ 








y 








x 








  2 3 








= − 








y x 








The programmer wants the design 



to 



be 








symmetrical about the 



y-axis. 








a  



State 



the 



equations 



of the 



other two lines 








that will be required 



to 



make 



a 



symmetrical 








image. 








b  



Draw 



the 



image produced 



by all 



four lines 








on coordinate axes. 








QUESTIONS 








Reflect 








Were 



you 



able 



to use 



different approaches? 








Were 



you 



able 



to use 



equations 



of 



lines 



to 



solve 



the 



problem? 








Did you 



have 



any 



ideas? 








Have you found 



it 



easy 



to 



create 



a 



design? 
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CHAPTER 








2.1 








THE ISLE OF 



WIGHT 








❯  



Can everyone in the 








world fit on the Isle 








of Wight? 








Making 



an 



estimate requires mathematical 








modelling. You need 



to find 



numbers, 








measurements 



and 



shapes 



that you can use 








to 



answer 



the 



question. 



You 



have 



to 



make 








some assumptions, such 



as 



using approximate 








measurements 



to 



simplify 



the 



working, which may 








affect the validity 



of 



your answer. The last step 



is 








to 



look back 



and 



review your method 



and 



answer 








to see if the 



assumptions were reasonable. 










➜ 



Working with large numbers 








➜ 



Estimating amounts 











WHAT YOU NEED TO KNOW ALREADY 








p306 Chapter 3.3 



Perimeter 



and area 








p376 Chapter 3.20 Estimating 








MATHS HELP 








➜    



Modelling the problem 








➜    



Checking 



by 



recalculating 



in a 



different way 








➜    



Estimating quantities 








➜    



Evaluating the method and answer 








PROCESS SKILLS 








What could ‘fit on 








the island’ mean? 








Are they all 








standing up? 








Is the tide in? 








SECTION 2: LEARNING  








THE NEW STUFF 








★ 
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Chapter 2.1 



The Isle of Wight 










❯ 



What 



is 



your 



gut 



feeling about 



this 



question? 








❯ 



How could 



you 



work 



out 



whether people would 



fit? 








❯ 



What 



do you 



need 



to 



know? 








❯ 



What mathematics could 



you 



use? 











Note down your ideas and questions. 








The area 



of 



the Isle 



of 



Wight 



is 



380 km2 



. 



There are 7.4 billion people 



in 



the 








world. 








Investigate 










❯ 



How big 



is a 



square kilometre? Can you compare 



it 



with an area you are 











familiar with? 










❯ 



How could you model the area 



of 



ground needed for each person? Circle? 











Rectangle? Hexagon? What assumptions do you have 



to 



make? 










❯ 



Do you get the same answer when you use different ways 



of 



working out 











whether everyone 



will fit? 










❯ 



What 



if 



everyone 



in 



the world would 



fit 



on the island? Would there be space 











left 



over 



for 



more people? 










❯ 



What 



if 



they wouldn’t 



fit? 



Can you 



find 



an island that they 



could 



stand on? 








❯ 



Is 



your answer sensible? Were the assumptions reasonable? 











The modelling cycle 








You 



have used 



the 



modelling cycle 



to 



decide whether 



the 



population 



of the 



world 








would 



fit 



on the Isle 



of 



Wight. 








Represent 



a 



situation mathematically, 








making assumptions and simplifications 








Select and use appropriate 








mathematical 



techniques 








Interpret 



results in the 








context 



of 



the problem 








Evaluate 



methods and solutions 








including the effect 



of 



assumptions made 








You 



represented 



the Isle of 



Wight using 



2-D 



shapes, and 



the 



amount 



of 



space 








taken 



up by one 



person using 



a 



measure 



of 



area. 








You 



used mathematics 



to 



calculate 



the 



area 



of the 



shape, and 



to 



divide 



by the 








area needed 



by one 



person. 








You 



compared your answer with 



an 



estimate 



of the 



world’s population and 








interpreted 



what 



you 



found 



to 



decide whether there 



is 



enough space. 








You 



evaluated 



your assumptions and decided whether 



to try to 



improve your 








answer. 
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People come 



to 



Trafalgar Square 



to 



celebrate the New Year. 








Estimate how many people 



can 



stand 



in 



Trafalgar Square. 








The distance between the hand rails on the steps, the darker 








lines extending the full length 



of 



the steps, 



is 



65 feet. 








You should make clear 



any 



assumptions you make and evaluate them. 








SOLUTION 








We need the area available and the amount 



of 



space taken up 








by 



a 



person. 








Estimating the area: 








In 



Chapter 1.4 



you estimated 



the 



area 



of the 



New Forest 



by 



representing 



it by 



familiar 2-D shapes. 








Here 



the 



area 



is 



approximately 



a 



rectangle. 








We need the length and width 



of 



the rectangle 



so 



must estimate them from 








the aerial view using the fact that the distance across the steps 



is 



65 feet. 








Width, including the trees, 



is 



about 



6 



times the width 



of 



the steps. 








Length, including the area 



at 



the top 



of 



the steps, 



is 



also about 



6 



times the width 



of 



the steps. 








Area 



of 



rectangle 



= 6 



× 



65 



× 



6 



× 



65 



square feet 








= 



152 100 square feet 








People won’t be allowed 



to 



stand 



in 



the pools 



or 



on the plinth 



of 



the statue. 








We subtract those areas from our estimate. 








The pools 



are 



approximately squares 



of 



side 



70 



feet and 



the 



plinth 



is 








approximately 



a 



square 



of 



side 



60 



feet. 








Estimate 



= 



152 100 



– 2 



× 



70² - 60² 








≈ 



140 000 square feet 








The area taken up by one person standing 



is 



approximately 



1 



square foot. 








So the 



number 



of 



people who 



can fit on 



Trafalgar Square 



is 



about 140 000. 








Assumptions: 








Trafalgar Square 



is a 



rectangle 



– 



reasonable 



as 



the extra bits compensate for the missing bits 



if 



you 








draw 



a 



rectangle over the image. 








Other shapes are squares 



– 



reasonable 



as 



they are designed 



to 



be close 



to 



squares 



in 



shape. 








Distances used 



– 



these are likely 



to 



be accurate 



to 1 



significant 



figure. The 



65 feet 



is 



measured but the 








scaling involved 



is 



an estimate 



so 1 



significant figure accuracy 



is 



reasonable. 








A 



person takes 



up 1 



square foot 



– 



obviously 



this 



varies 



but it is a 



reasonable average amount 



to 1 








significant figure. 








Overall 



it 



might be better 



to 



give the estimate 



to 1 



significant figure 



so 



100 000 people and 



it is 








probably an under-estimate 



as it 



was rounded down. 








Representing 








Using mathematics 








Representing 








Using 



mathematics 








Interpreting 








Evaluating 








WORKED EXAMPLE 
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Investigate 








Whether 



or 



not everyone 



in 



the world can 



fit 



on the Isle 



of 



Wight, they certainly 








couldn’t live there! 








❯ 



How much area do people need 



to 



live and work on? 








Investigate 










❯ 



What does 



the 



diagram below show? 








❯ 



What does 



the 



position 



of 



Greenland 



on the 



graph 



tell us 



about 



it? 








❯ 



Compare England and Scotland using 



the 



information 



on the 



graph. 











Using information in graphs to make estimates 








10 000 








1000 








10 000 








100 000 








1e+06 








1e+07 








Antarctica 








Greenland 








Western Sahara 








Alaska 








Gabon 








Botswana 








Mauritania 








Mongolia 








Kazakhstan 








Libya 








Australia 








Canada 








Russia 








Asia 








World 








Africa 








North America 








Latin America 








Europe China 








USA 








Euorpean Union 








India 








Indonesia 








Pakistan 








Japan 








Bangladesh 








South Korea 








England 








Scotland 








Taiwan 








Wales 








Mauritius 








4 








3 








p 








e 








r 








s 








q 








k 








m 








1 








p 








e 








r 








s 








q 








k 








m 








1 








0 








0 








0 








p 








e 








r 








s 








q 








k 








m 








Hong Kong 








Singapore 








Gaza Strip 








Brazil 








Oceania 








Algeria 








1e+08 








100 000 








1e+06 








Population 








Area 








(square 








km) 








1e+07 








1e+08 








1e+09 








Suriname 








French Guiana 








United Kingdom 








Reading 



the 



labels 



on the 



axes 



of a 



graph 



is the first 



step. 



You can see 



that 



the 








area 



of 



each country 



is 



plotted against 



its 



population 



to 



create 



a 



scatter graph. 








Look 



at the 



scales 



on the 



axes 



and 



notice 



that 



they 



are 



non-linear. 



The 



numbers 








are marked 



at 



equal intervals but each 



is 



10 times the previous number. Scales 








which use 



a 



multiplier like this are called logarithmic scales. Why 



is 



this scale used? 








In 



this case the magnitude 



of 



the numbers involved varies 



so 



much that you 








would 



not be 



able 



to see the 



patterns 



in the 



data with 



a 



linear scale. 








Notice that Greenland has 



a 



population between 10 000 and 100 000 and an 








area between 



1 



million and 



10 



million square kilometres. 



It has 



less than 



0.1 








person 



per 



square kilometre 



(on 



average) and 



so is 



very sparsely populated. 



You 








1e + 07 



means 



1 × 107 . 








It is 



standard form. 








HINT 
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could deduce that from 



its 



position, 



low on the 



population axis and high 



on the 








area axis. 



It is 



the least densely populated country 



in 



the world after Antarctica. 








Notice that England 



has a 



larger area than Scotland and 



a 



much larger 








population which makes 



its 



population density greater. 








Discuss 








This diagram gives 



you 



some information about 



the 



countries labelled. 



Do you 








think their position on the graph tells you whether they could support their own 








population? Use the results 



of 



your previous investigation, 



as 



well 



as finding 



out 








more about 



the 



countries, 



to 



help 



you 



decide. 








A 



possible estimate 



of 



the area needed 



to 



support one person, eating 



a 



mixed diet, 



is 



0.5 hectares 



of








usable land. Obviously, this figure increases 



if 



the conditions are difficult and decreases 



if 



they are 








favourable 



or 



the person has 



a 



meat-free diet. 








A 



hectare 



= 



10 000 



m². 








a 



Work out how many people can be supported by 



a 



square kilometre 



of 



land using this estimate. 








b 



Use the information on the graph 



to 



select one example 



of a 



country that you estimate: 








(i) 



 should 



be 



able 



to 



support their population 








(ii) 



is 



unlikely 



to be 



able 



to 



support their population. 








SOLUTION 








a 



1 



hectare 



= 



10 000 



m² 








1 km² = 



1000 



× 



1000 



m² 








= 



100 



× 



10 000 



m² 








= 



100 hectares 








So number 



of 



people supported 



= 



100 



÷ 



0.5








= 



200 people 








b 



The graph shows lines for 



1 



person per 



km², 



43 people per 



km² 



and 1000 people per 



km². 








You could add lines for 10 people per 



km² 



and 100 people per 



km² as 



they pass through the 








intersections on the grid. 








(i) 



Scotland should be able 



to 



support 



its 



own population 



as it 



lies between the 43 and 
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