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How to use 








this book 








Welcome to Hodder Education’s 








MYP by Concept 



series! Each chapter 








is designed to lead you through 








an 



inquiry 



into the concepts of 








mathematics and how they interact in 








real-life global contexts. 








Each chapter is framed with a 



Key concept 



and a 



Related 








concept 



and is set in a 



Global context. 








The 



Statement of Inquiry 








provides the framework for 








this inquiry, and the 



Inquiry 








questions 



then lead us 








through the exploration as 








they are developed through 








each chapter. 








Key words 



are included to give you access to vocabulary 








for the topic. 



Glossary 



terms are highlighted and, 








where applicable, 



search terms 



are given to encourage 








independent learning and research skills. 








KEY WORDS 








As you explore, activities suggest ways to learn through 








action. 








Q 








Activities are designed to develop your 



Approaches 








to Learning 



(AtL) skills. 








Q 



ATL 








X 








Certain parts of the activities are 



formative 



as they 








allow you to practise certain of the MYP Mathematics 








Assessment Criteria. Other activities can be used 








by you or your teachers to assess your achievement 








against all parts of an assessment criteria. 








X 



Assessment opportunities in 








this chapter: 








Detailed information or explanation of certain points 








are given whenever necessary. Key 



Approaches to 








Learning 



skills for MYP Mathematics are highlighted 








whenever we encounter them. 








Worked examples and practice questions are given in 








colour-coded boxes to show the level of difficulty: 








Problem 








Complex 








Challenging 
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We have incorporated Visible Thinking – ideas, framework, 








protocol and thinking routines – from Project Zero at 








the Harvard Graduate School of Education into many of 








our activities. 








Both standard and extended are included in this book. 








Extended is signposted. 








You are prompted to consider your conceptual 








understanding in a variety of activities throughout 








each chapter. 








Finally, at the end of each chapter, you are asked to reflect 








back on what you have learnt with our 



Reflection table, 








maybe to think of new questions brought to light by 








your learning. 








Use this table to reflect on your own learning in this 








chapter. 








Questions we asked 








Answers we 








found 








Any further 








questions now? 








Factual 








Conceptual 








Debatable 








Approaches to Learning 








you used in this chapter: 








Description 








– what new 








skills did you 








learn? 








How well did 








you master the 








skills? 








Novice 








Learner 








Practitioner 








Expert 








In some of the activities, we provide Hints to help you work on the 








assignment. This also introduces you to the new Hint feature 








in the on-screen assessment. These Hints will give additional 








guidance or shortcuts to improve your proficiency. 








Hint 








! 








While the book provides many opportunities for 








action and plenty of content to enrich the conceptual 








relationships, you must be an active part of this 








process. Guidance is given to help you with your own 








research, including how to carry out research, how to 








make change in the world informed by Mathematics, 








and how to link and develop your study of 








Mathematics to the global issues in our twenty-first 








century world. 








! 



Take action 








O 








Each chapter has a 



IB Learner Profile 



attribute as 








its theme, and you are encouraged to reflect on 








these too. 








O 








We will reflect on this learner 








profile attribute … 








Like any other subject, Mathematics is just one part of 








our bigger picture of the world. Links to other subjects 








are discussed. 








W 








Links to: 








Each chapter covers one of the four branches of mathematics 








identified in the MYP Mathematics skills framework. 
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Form 








Patterns 








Globalization and sustainability 








Numbers in different 



forms 



give 








us a variety of ways to predict 








patterns 



and think about 








problems of 



global significance. 








1 








In how many different 








ways can we express 








the same thing? 








Factual: 



How are numbers sets 








defined? How and why do we 








group numbers? What is meant by 








approximate and exact? 








Conceptual: 



How do 








number systems expand our 








understanding? What patterns can 








we see in different number forms 








and operations? 








Debatable: 



Were numbers 








invented or discovered? Is there a 








best form for a number? Can the 








form of a number mislead or affect 








our decisions? Can rounding help 








or hinder decision-making? 








Now 



share and compare 



your 








thoughts and ideas with your 








partner, or with the whole class. 








CONSIDER THESE 








QUESTIONS: 








IN THIS CHAPTER, WE WILL … 








Q 








Find out 



how to express numbers in a variety of forms and why we 








do this. 








Q 








Explore 



situations where different levels of accuracy or detail of numbers 








is required. 








Q 








Take action 



by engaging and educating the school community in the role 








of numbers in our interconnected global community. 
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1   In how many different ways can we express the same thing? 








3 








Number 








HOW ARE NUMBER SETS 








DEFINED? 








A number is a quantity or an amount, a value expressed in 








words, digits or other notation. Certain groups of numbers 








are used so often and are so important that they are given 








their own names such as primes, evens, odds, square 








numbers, imaginary numbers, triangle numbers, natural 








numbers and so on. You will have met many of them 








already in your studies. 








Let’s look at various ways to group numbers. 








Q 



Communication skills 








Q 



Creative-thinking skills 








Q 



These Approaches to Learning (ATL) 








skills will be useful … 








O 



Communicator – we express ourselves confidently and 








creatively in more than one language and in many 








ways. We collaborate effectively, listening carefully to 








the perspectives of other individuals and groups. 








O 



We will reflect on this learner 








profile attribute … 








X 



Criterion A: 



Knowing and understanding 








X 



Criterion B: 



Investigating patterns 








X 



Criterion C: 



Communicating 








X 



Criterion D: 



Applying mathematics in real-life contexts 








X 



Assessment opportunities in 








this chapter: 








You will already know: 








• how to round decimal places to whole numbers 








• what natural numbers and integers (directed 








numbers) are 








• what prime numbers, squares and cubes are 








• what square roots are and know the values of: 








√1, √4, √9, √16, √25, √36, √49, √64, √81, √100, √121 








and 



√144 








PRIOR KNOWLEDGE 








accuracy 








decimal places (d.p.) 








irrational 








reciprocals 








rounding 








significant figures (s.f.) 








KEY WORDS 








THINK–PAIR–SHARE 










The following is a random list of numbers. 








16 








21.6 








1 








6 








−64 








−1 








82 








5.43 








3 








4 








5 








51515 








−7 








9.06 








7.6 








−0.5 








4 








1.332 








2 








9 








−4 








3 








1067 








S 








√78 








92 








−92 








11.4 








−8 








9 








1 








4 








99 








3 








−S 








0.0067 








2 








7 








8.55 








9 








11 








9890 








0.8 








5 








99 








31 








S 








2 








How can you categorize these numbers? With your 








partner, 



discuss 



how you could group these numbers 








together. Make sure that each number is included in at 








least one group. 








How did you group these numbers? Did you use the form 








of the number - whether it was a decimal or a fraction, 








for example? Did you refer to the sign? Or did you use 








a different number property you learnt when you were 








younger, such as integers or primes? Was there a pattern 








to your groups? 
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How and why do we 








group numbers? 








WHAT IS A NUMBER SET? 








Some sets of numbers are used so frequently and are so 








important in mathematics that they have been given a name 








and a symbol. 








Q 



Table 1.1 








Number set 








Symbol 








Definition 








What it includes 








Examples 








Natural 








numbers 








N 








All the whole, positive 








numbers 








All the whole positive numbers, 








including zero, up to infinity. 








It does not include decimals or 








fractions 








0, 1, 2, … 55, 56, … 








0 








1 








2 3 4 5 6 7 8 9 10 








Integers 








Z 








All the whole, positive 








and negative numbers 








Every whole number no matter 








what sign is in front of it. It 








does not include decimals or 








fractions. 








0, -1, -2, -3, … and 1, 2, 3, … 








0 








−2 








−4  −3 








−1 








1 2 3 4 








−5 








5 








Rational 








numbers 








Q 








All numbers which you 








can make by dividing 








one integer by another 








All fractions, decimals and 








whole numbers, of any sign. 








This does not include numbers 








divided by zero. 








0.2, -0.2, 








22 








7 








, 4 








1 








8 








, 








0 








−2 








−3 








−3 



⅛ 








2= 2/1 








3 ½ 








− 



½ ⅖ 








−1 








1 2 3 4 








This also includes whole numbers as those can 








be divided by 1 or written as a fraction over 1 








e.g. 4 = 








4 








1 








Real 








numbers 








R 








All rational and 








irrational numbers 








Any number anywhere on the 








number line. This includes non- 








terminating and non-repeating 








decimals such as 



S 



or 



√45 








The real numbers = 



N 



and 



Z 



and 



Q 



and (any 








other real numbers which can exist but don’t 








belong to the other sets) 








The discovery of irrational numbers is attributed (credited) 








to the Pythagoreans in 5th century BCE. According to their 








philosophy, ‘all is number’, number meant positive integers, 








with 1 being the ‘unit’ by which all other numbers were 








measured. 








Ironically, a member of the Pythagorean society, Hippasus, 








using their famous theorem discovered that the side of 








Why are the letters representing integers (Z) and 








rational numbers (Q) not what you would expect them 








to be? What language do they come from? According 








to the definition below, if a rational number is one 








that can be written as a fraction or that can be made 








by dividing one integer by another, what must an 








irrational number 



be? 








If you are using a search engine, look for websites about the 








history of mathematical notation 



or 



number sets. 








history of mathematical notation 



or 



number sets








What does this tell us about the possible language spoken by the 








mathematicians who invented the names? Can you find who 








named them and when? 








Hint 








W 



Links to: Language acquisition 








the square and its diagonal were incommensurable (there 








wasn’t a common unit that would divide them both). 








The tale tells that the other Pythagoreans threw him off the 








boat to keep this discovery of irrational numbers a secret. 








Nevertheless, the irrational numbers found their way out of 








the dark. The notation 



√a 



that we use today appeared much 








later, around the 16th century. 
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1   In how many different ways can we express the same thing? 








5 








Q 



Hippasus 








DISCUSS 








Knowing this story, whether it is anecdotal (a story 








people tell without proof) or factual, challenges how 








we think about what numbers like irrationals mean. 








If Hippasus actually invented irrational numbers and 








was silenced, could they ever have then been invented 








later? Were they waiting to be discovered? What do 








you think? 








ACTIVITY: Number sets 








Q 








Communication skills: Use and interpret a range 








of discipline-specific terms and symbols 








Q 



ATL 








Using the definitions in Table 1.1, place these numbers 








in the correct balloon. Include each number in as many 








possible sets as you can. 








Q 








N 








Z 








R 








16 








21.6 








1 








6 








−64 








−1 








82 








5.43 








3 








4 








5 








51515 








−7 








9.06 








7.6 








−0.5 








4 








1.332 








2 








9 








−4 








3 








1067 








S 








√78 








92 








−92           11.4 








−8 








9 








1 








4 








99 








3 








−S 








0.0067 








2 








7 








8.55 








9 








11 








9890 








.8 








5 








99 








31 








S 








2 








X 








In this activity you have practised skills that 








are assessed using Criterion A: Knowing and 








understanding. 








X 



Assessment opportunities 








I USED TO THINK … BUT NOW, 








I THINK … 








Now that we have discussed numbers a lot, 



identify 








one thing that has changed the way you thought 








about something. Complete the following sentences: 








O  



I used to think … 








O  



But now, I think … 
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How do number 








systems expand our 








understanding? 








Q 



Pi is the loneliest number, it goes on and on and on.... 








Can you draw any other parallels? What does it mean when 








we call someone irrational? 








We can see whole numbers appearing in the real natural 








world: eight cows, four people, two hundred monkeys. Why 








are negative numbers not considered natural too? 








WHAT DO WE MEAN WHEN 








SOMETHING IS AN ELEMENT OF 








A SET? 








Each set has a definition and when a number meets these 








conditions we say it is an 



element 



of the set. This number 








belongs to 



this set. 








‫א‬ 



is the symbol for ‘is an element or is a member of’ 








So, the mathematical notation 3 



‫א‬ N 



means that 3 is an 








element of the natural numbers, 3 



is 



a natural number. 








4.3 



‫א‬ Q 



means that 4.3 is a rational number. 








0.5 



‫ב‬ N 



means that 0.5 is 



not 



a natural number or does not 








belong to this set. 








Ramanujan 



‫א‬ 



{greatest mathematicians of all time!} 








THINK–PAIR–SHARE 








Q 








N 








Z 








R 








From the definitions given, the set of natural numbers 








N 



are all the whole positive numbers. Where does 








this end? 








Likewise, the elements in the integer set 



Z 



are all the 








whole positive and negative numbers in existence. 








How many is that? Is that more or less or the same as 








the set of natural numbers? 








And the rational numbers? And the real numbers? 








Where do these sets ‘end’? How many elements do 








they have? Which is the largest set? 








Discuss 



with your partner. You could refer to the 








diagram above to support or 



explain 



your ideas. 








Q 



What do we mean when we say a number is irrational? 
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1   In how many different ways can we express the same thing? 








7 








WHO’S GOT THE POWER? 








Powers, exponents and indices are all different names given to the 








following: 








‫ݔ‬ 








n 



this is the power or exponent or index; this term is read as 

‘‫ݔ‬ 



to the 








power of 



n’. 








For consistency, we will call it ‘power’ or ‘exponent’ from now on but any 








of the names would be acceptable and you should try to feel comfortable 








with any and all of them. You will already be familiar with squares and 








cubes as powers, as well as 



higher orders of powers. 








Remember that: 2 








5 



= 2 × 2 × 2 × 2 × 2 








and that: 



q 








4 



= 



q 



× 



q 



× 



q 



× 



q 








These powers can be extremely important to help us solve real-world 








problems. For example, if many people are accessing or streaming a huge 








amount of data from a website at the same, we can calculate the total 








usage and the server size necessary. 








MEET A MATHEMATICIAN: 








SRINIVASA RAMANUJAN (1887–1920) 








Learner Profile: Communicator 








Srinivasa Ramanujan was born in 1887 in Madras, South India. He was a 








bright and confident young man who dreamed of changing the world of 








mathematics. By the age of 13 he was discovering sophisticated mathematical 








theorems on his own. His love of mathematics was so overwhelming that it 








bordered on an obsession. This contributed to his failing out of college twice 








due to his total focus on his mathematical work and nothing else. In the hope 








of furthering his mathematical studies, he wrote to many leading universities 








and professors of the day, introducing himself and communicating his work. 








Many disregarded or ignored him but an open-minded professor, G.H. Hardy, 








invited him to Cambridge, UK to study and collaborate further. In the UK he 








experienced many challenges, including racist and snobbish attitudes but 








continued to produce some mind-blowing mathematics. His work includes 








major contributions to number theory, mathematical analysis and infinite 








series. Sadly, he died in 1920 at the age of 32. 








As he was initially mostly self-taught, his dedication and output is even more 








impressive. Ramanujan’s dedication to thinking about, and communicating, 








the true nature of numbers has given us some of the most exciting 








mathematics of the 20th century. It really shows us that mathematical ability 








and success can sometimes lie outside of the traditional academic routes. 








To learn more about him, his work and G.H. Hardy, read 



The man who knew 








infinity 



by Robert Kanigel or watch the movie adaptation. 








Q 



The Man Who Knew Infinity 








! 








Why not watch the movie or 








read the book as a group, 








in your class or after school? 








Discuss 



your thoughts and 








impressions of Ramanujan 








afterwards. 








!  



Take action 








ACTIVITY: 








The element of 








Q 








Communication skills: Understand 








and use mathematical notation 








Q 



 ATL 








Caroline has been practicing the ‘element 








of’ symbol but has made some mistakes 








in the following statements. Can you 










correct her mistakes by changing the 



‫א‬ to 








‫ב‬ where appropriate? 








6 



‫א‬ R 








5.2 



‫א‬ N 








S ‫א‬ Z 








−2 



‫א‬ N 








√3 



‫א‬ R 








− 








38 








50 








‫א‬ Q 
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Show that 








We have seen that when we multiply like terms with 








powers, that we simply 



add 



the powers, for example 








h 








3 



× 



h 








10 



= 



h 








13 








Show 



that 6 








3 



÷ 6 








1 



= 6 








2 








‘Show that’ means you should begin with the left-hand 








side (LHS) and show all working out to get you to the 








answer on the right-hand side (RHS). 








Show 



that 



d 








6 



÷ 



d 








4 



= 



d 








2 








From your working (hence), or otherwise 



describe 



how 








to divide like terms with powers. Remember to 



verify, 



or 








prove, 



the rule by checking with numbers. 








Give these powers as a simple natural number: 








a 



2 








6 








b 



5 








3 








c 



12 








2 








When you are trying to input a power into a calculator, app or 








in a program such as Excel, you will often use the symbol ^, for 








example 2 








6 



will be input as 2^6 








This is a programming notation, not a strictly mathematical one, 








and as such is not accepted in a final answer. 








Hint 








Solve: 








a 



2 








5 



× 3 








2 



÷ 1 








10 








b 



9 








10 



÷ 5 








10 








c 



52 








1 



÷ 7 








2 








You will see here that any number to the power of 1 remains the 








same. 








Any number to the power of 0 is equal to 1. 








Rules: 



‫ݔ‬ 








1 



= 



‫ݔ‬ 








and 








‫ݔ‬ 








0 



= 1 








This is true for all numbers to the power of zero, which is undefined. 








Hint 








Solve: 








a 



(2 








10 



– 10 








2 








) × (32 × 0.5) 








b 



(2843 








0 



× 7819 








0 








) 








c 



(80 








1 



× 0.05 








1 



÷ 22 








0 








) 








2 








How does it work with letters or algebraic terms? 








‫ݔ‬ 








3 



= 



‫ݔ‬ 



× 



‫ݔ‬ 



× 



‫ݔ‬ 



and 








‫ݔ‬ 








4 



= 



‫ݔ‬ 



× 



‫ݔ‬ 



× 



‫ݔ‬ 



× 



‫ݔ‬ 








If the power indicates how many times you multiply them, it 








must follow that if we multiply these … 








‫ݔ‬ 








3 



× 



‫ݔ‬ 








4 



= (‫ݔ‬ × 



‫ݔ‬ 



× 



‫ݔ()ݔ‬ 



× 



‫ݔ‬ 



× 



‫ݔ‬ 



× 



‫)ݔ‬ 



count up the 








number of 



‫ ݔ‬terms 








So 



‫ݔ‬ 








3 



× 



‫ݔ‬ 








4 



= 



‫ݔ‬ 








7 








and 



‫ݔ‬ 








a 



× 



‫ݔ‬ 








b 



= 



‫ݔ‬ 








a+b 








Solve: 








a 



a 








7 



× 



a 








3 








b 



b 








10 



× b 








2 








c 



c 








4 



× c 








3 








Multiplying different algebraic terms with different letters is 








also easy. See if you follow the patterns from these examples. 








ab 



× 



ab 



= 



a 



× 



a 



× 



b 



× 



b 



= 



a 








2b 2 








‫ݔ‬ 








2 








‫ݕ‬ 








4 



× 



‫ݔ‬ 








4 








‫ݕ‬ 








2 



= (‫ݔ‬ × 



‫ݔ‬ × 



‫ݕ‬ × 



‫ݕ‬ × 



‫ݕ‬ × 



‫)ݕ‬ × (‫ݔ‬ × 



‫ݔ‬ × 



‫ݔ‬ × 



‫ݔ‬ × 



‫ݕ‬ 








× 



‫)ݕ‬ = 



‫ݔ‬ 








6 








‫ݕ‬ 








6 








rs 



× 



st 



= 



r 



× 



s 



× 



s 



× 



t 



= 



rs 








2 








t 








Best communication is always to list the 



coefficient 



or number 








part first, followed by any letters, in alphabetical order. This shows 








you can use appropriate forms of mathematical representation to 








present information (Criterion Cii). 








Hint 
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Some exponent multiplication (and division) can be made more challenging by 








including a coefficient and/or a negative or minus sign: 








Example 








(14‫ݔ‬ 








2 








‫ݕ‬z) 



× (2‫ݕ‬ 








2 



z 








2) 








Solution 








(14‫ݔ‬ 








2 








‫ݕ‬z) 



× (2‫ݕ‬ 








2 



z 








2) 



= (14 × 2)(‫ݔ‬ 








2)(‫ݕ‬ × 



‫ݕ‬ 








2)(z 



× 



z 








2) 



group the like terms 








together 








= (28)(‫ݔ‬ 








2)(‫ݕ‬ 








3)(z 








3) 








= 28 



‫ݔ‬ 








2 








‫ݕ‬ 








3 



z 








3 








–ijk × 



jk 



× –ik 








Solution 








–ijk × 



jk 



× –ik = (– × –) (i × 



i) 



(j 



× j) 



(k 



× k) 



as minus × minus = plus, or 








− × − = + 








= 



i 








2 



j 








2 



k 








2 








t 








4 



× 



t 








6 



× –2t 








10 



× 



rst 



× 



r 








10 








Solution 








t 








4 



× 



t 








6 



× –2t 








10 



× 



rst 



× 



r 








10 



= (t 








4 



× 



t 








6 



× 



t 








10 



× 



t)(-2)(r 



× 



r 








10)(s) 








= (t 








21 








)(-2)(r 








10)(s) 



now rearrange to put the 








coefficient, including the sign, 








first 








= –2(t 








21 








)(r 








10)(s) 








now rearrange to alphabetize 








= –2r 








10st 21 








this is the best form of 








communication 








PRACTICE QUESTIONS 








a 



–11mno × 3m 








2 








b 



4pq × 7qr × 2pr 








c 



32s 








2 



× 18r 








2 



× 



t 








2 








d 



2uv × 100v 








3 



× 



u 








0 








v 








0 








e 



25w 








5 



× 2w 








6 








r 








7 








× 10r 








3 








w 








4 








f 



–3wf࢞ × – 2f࢞w × – 4࢞fw 








Powers and 








brackets 








(‫ݔ‬ 








4 








) 








2 



≠ 



‫ݔ‬ 








6 








but is actually 








(‫ݔ‬ 








4 








)(‫ݔ‬ 








4 








) = 



‫ݔ‬ 








8 








AND 








(a 








m 








)(a 








n 








) = 



a 








m+n 








BUT 








(a 








m 








) 








n 



= 



a 








mn 








For best marks in Criterion 








Biii, always prove, or verify 








and justify, the rules you have 








discovered with numbers you 








haven’t already been given. This 








shows the rule works not only for 








these particular numbers but also 








as a general rule. 








Hint 










       



X 



In this activity you 








have practised skills 








that are assessed using 








Criterion B: Investigating 








patterns, and Criterion C: 








Communicating. 










       



X 



Assessment 








opportunities 
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HOW CAN POWERS BE 








NEGATIVE? 








Now we are familiar with positive powers and how to 








operate with them (non-addition, multiplication, division, 








powers of powers), what does a negative power mean? 








What does its form tell us? 








ACTIVITY: Negative power 








Q 



Communication skills: Use and interpret terms and 








symbols; Understand and use mathematical notation 








Q 



ATL 








Using your calculator, find the answer to these two powers: 








2 








1 



= 








and 








2 








–1 



= 








What do you notice? What happens to the 2 when it has 








a negative power? 








Now 



find 








3 








1 



= 








3 








–1 



= 








Does this agree with what you noticed before? If so, how 








does it support what you noticed before? If not, how is it 








different? Has it changed your observation? 








Next 



find 








4 








1 



= 








4 








–1 



= 








What pattern(s) can you 



identify 



now? 








Let’s try one more … 








10 








1 



= 








10 








–1 



= 








Can you write a general rule for any number to the 








power of −1? 








(Remember to 



verify 



it with a number not given above.) 








X 








In this activity you have practised skills that are 








assessed using Criterion B: Investigating patterns. 








X 



Assessment opportunities 








Reciprocals 








This operation is called a reciprocal and appears in 








algebra notation as follows: 








a 








–1 



= 








1 








a 








1 








or 








1 








a 








Write the following reciprocals as fractions: 








w 








–1 








9 








–1 








(ab) 








–1 








2a 








–1 








You will learn more about the reciprocal function in 








Chapter 9. 








It follows from the rule above that 



a 








–2 



must be 








1 








a 








2 








Notice how the minus (negative) is gone but the power 








is not. 








Let’s see this in action with numbers: 








2 








–2 



= 








1 








2 








2 








= 








1 








4 








= 0.25 








Verify (check this) by inputting 2 








–2 



into your calculator to 








see if you get 0.25. 








All of these are 



equivalent 



forms of the 



same 



number. 








On your calculator, app or GDC, find the button which 








looks like 








On some models, it may be a second function or require 








a shift button to get to it. Some of the more popular 








calculator buttons look like  
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ACTIVITY: Reciprocals practice 








Q 








Communication skills: Reading, writing and 








using language to gather and communicate 








information; Use and interpret a range of 








discipline-specific terms and symbols; Understand 








and use mathematical notation 








Q 



ATL 








Complete 



the table below: 








Term with 








negative power 








Fraction 








with power 








Fraction 








Decimal 








10 








–2 








1 








10 








2 








1 








100 








0.01 








2 








–4 








3 








–3 








6 








–2 








8 








–3 








7 








–1 








4 








–4 








5 








–3 








9 








–3 








10 








–5 








a 








–2 








b 








–4 








c 








–5 








d 








–1 








(e 








–3 








) 








2 








ACTIVITY: Mind mapping 








Q 



Creative-thinking skills: Generating novel 








ideas and considering new perspectives; Use 








brainstorming and visual diagrams to generate 








new ideas and inquiries 








Q 



ATL 








This is a self-assessment activity to see how well you 








have understood the different forms of powers and 








reciprocals. The more forms you can master the higher 








your level of achievement. 








Give 



as many different forms for 








1 








8 








as you can think of. 








Be creative and use positive and negative powers or 








other forms of number. 








1 








−1 








8 








8 








How many could you think of? Here’s a mark scheme: 








O 








I got between 2 and 4 








Level 1–2 








O 








I got either 5 or 6 








Level 3–4 








O 








I came up with between 7 and 10 








Level 5–6 








O 








I got more than 10 forms for 








1 








8 








Level 7–8 








X 








In this activity you have practised skills that are 








assessed using Criterion C: Communicating. 








X 



Assessment opportunities 








EXTENDED 








You have seen above that 








a 








–m 



= 








1 








a 








m 








The following must also be true. 








a 








m 



= 








1 








a 








–m 








Can you show that this is true, using your 








knowledge of 



dividing fractions? 








Simplify 



these terms: 








b 








22b–7 








b 








–2b–4 








(b 








–3)(b)(b10)(b–8) 
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Can rounding 








help or hinder 








decision-making? 








WHAT HAPPENS IF A NUMBER 








IS TOO DETAILED? 








Accuracy can be an important concept. It is important that 








we check the facts, figures and answers that we give and 








receive are correct and true, as far as possible. The same is 








true for our mathematical assumptions and answers. But 








correct 



or 



true 



and 



accurate 



or 



precise 



are often confused in 








daily language. 








The mathematical definition for accuracy is the nearness 








of a calculation to the true value while precision refers to 








the number of digits or decimals given. For much of this 








chapter we will be talking about the precision of numbers 








and answers. 








But why wouldn’t it be near to its true value? Often a 








calculated value will give a long list of digits or decimal 








places. This can be time-consuming to write out, re-enter in 








the calculator over and over or simply too much information 








to be useful. 








When people are making 








a persuasive argument or 








comparing different ideas, 








numbers which are very 








specific and detailed can 








be unhelpful. Journalists, 








politicians, lawyers and 








other jobs which require 








communication, have to 








be able to give numbers 








in context, to the most 








appropriate 



significant 








figure. 








Let’s look at some examples: 








Example 1 



Round 27.3 to a whole number 








0 








1 








2 








3 








4 








5 








6 








7 








8 








9 








Round down 








Round up 








So, rounding 27.3 to a whole number, round down to 27. 








Example 2 



Rounding 2675 to the nearest 100 








0 








1 








2 








3 








4 








5 








6 








7 








8 








9 








Round down 








Round up 








Identify 



what digits you have to round: 








2675 








to the nearest 1 0 0 








So, the 6 in 675 will either be 600 or 700 








We look to the next digit: 








2675 








7 is on the ‘round up’ side of the mountain. 








So, 2675 is 2700 to the nearest 100. 








Example 3 



Round 0.345679 to 3 d.p. 








0 








1 








2 








3 








4 








5 








6 








7 








8 








9 








Round down 








Round up 
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0.345 679 








the dotted line shows 3 d.p. separated 








from the numbers to round 








? 



0.345 679 








6 indicates that we must round up 








So, 0.345 679 will be 0.346 to 3 d.p. 








Be careful! 








This might seem like a trivial (non-important) thing but it is 








important to self-check … which is larger, 0.276 or 0.31? 








Some students carry forward the misconception that the 








numbers after the decimal act like whole numbers. They 








would see the 0.276 as larger because there are more 








figures in the number or as if they are comparing two 








hundred and seventy-six (276) with thirty-one (31). Make 








sure you don’t have this wrong idea! 








WHAT IS THE DIFFERENCE 








BETWEEN SF AND DP? 








The number of decimal places simply means the decimal digits 








given after the decimal point. Significant figures indicate how 








many digits between the first and the last non-zero figure. 








So, 1.987 has three decimal places but it has four significant 








figures, counting from this first digit, 1, to the last decimal 








digit, 7. 








There are also three significant figures in 213 000 as we 








count 2, 1 and 3 as significant figures. Why do you think we 








exclude the zeros when counting? 








There is only one significant figure 0.003, as the zeros are 








not included (unless they are in the middle of the number 








and not affecting the beginning or end.) 








n 








She’ll be coming 



round 



the mountain    … 








You will already be familiar with the rules for rounding. The image of a 








rounding mountain is a visual way to represent what is happening when we 








want to round to a whole number, the nearest thousand, to two decimal 








places, etc. 








So, if you want to round a number, if the next digit is less than 5, round down, 








if the next digit is greater or equal to 5, round upwards. 








0 








1 








2 








3 








4 








5 








6 








7 








8 








9 








Round down 








Round up 








Q 



The ROUNDING mountain 








PRACTICE EXERCISES 








Round the following numbers to 








a   



2 d.p. 








b   



1 d.p 








c   



3 s.f. 








d   



2 s.f. 








Solution 








1   



1234.56 








a   



1234.56 








b   



1234.6 








c   



1230 








d   



1200 








2   



7039.288 








a   



7039.29 








b   



7039.3 








c   



7040 








d   



7000 








Solution 








3   



1 384 509.319 








a   



1 384 509.32 








b   



1384509.3 








c   



1 380 000 








d   



1 400 000 








4   



0.088 2622 








a   



0.09 








b   



0.1 








c   



0.0883 








d   



0.088 








Solution 








5   



0.172 309 77 








a   



0.17 








b   



0.2 








c   



0.172 








d   



0.17 








6   



10.9732 








a   



10.97 








b   



11.0 








c   



11.0 








d   



11 
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What patterns can 








we see in different 








number forms and 








operations? 








WHEN DO WE HAVE TO WORK 








WITH EXTREMELY LARGE 








NUMBERS? 








A real-life example of extremely large numbers would be 








the International Space Station (ISS). It costs approximately 








€10 000 (euro) for every kilogramme to get resources into 








a low earth orbit. The ISS has to be refuelled and restocked 








every six months. Cargo supply missions are flown to the 








space station, where computer equipment, food and other 








important supplies are needed. It returns with waste, dirty 








laundry, broken equipment and scientific data dumps. 








Q 



The International Space Station 








How would we 



calculate 



the cost for sending each of the 








following into orbit? 








Item 








Total weight (kg) 








Fresh water 








1500 








Dried food 








200 








Exercise equipment 








1150 








Photographs and letters 








3.5 








Repair kits 








400 








Medical supplies 








50 








Clean clothing 








95 








Scientific equipment 








100 








Q 








Table 1.2 



Cargo supplies to the ISS 








Solution 








Item 








Total weight (kg) × 








Cost per kilogram 








Cost (€) 








Fresh water 








1500 × 10 000 








15 000 000 








Dried food 








200 × 10 000 








2 000 000 








Exercise equipment 








1150 × 10 000 








11 500 000 








Photographs and letters 








3.5 × 10 000 








35 000 








Repair kits 








400 × 10 000 








4 000 000 








Medical supplies 








50 × 10 000 








500 000 








Clean clothing 








95 × 10 000 








950 000 








Scientific equipment 








100 × 10 000 








1 000 000 








Q 








Table 1.3 



Cargo supplies to the ISS and how much it 








would all cost 








How much is the total cost if they decide to send all the 








above on a single mission? And what is the total cost over 5 








years? A staggering €349 850 000! 








If you were working with these numbers and calculating 








with them, you would get very bored of entering and 








writing 0s all the time. Mathematicians have developed a 








method of scientific notation to represent these numbers in 








a more efficient form. 








We saw in the ISS example that numbers can very quickly 








become extremely large in real-world contexts. In science 








and economics, they can also become extremely small. With 








globalization, the advances of the internet, rapid expansion 








of data and population growth, we need to be able to 








measure and calculate bigger numbers than ever before. 
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Some other examples of extremely large numbers include: 








Q 








The budgets of nations and countries 








Q 








International finance and aid packages 








Q 








Space travel, measurement and discovery 








Q 








Distance calculations on GPS, satellites and underwater 








exploration 








Q 








Force calculations in Physics 








Q 








Molecular number calculations in Chemistry such as 








Avogadro’s number 








Q 








Decoding information in DNA and genome sequencing 








Q 








Social media users and information shared per second 








Q 








Other internet data and ‘lifelogging’ 








Q 








Carbon emissions. 








THINK–PAIR–SHARE 








Think about the different MYP subjects you are 








studying. What examples of extremely large and small 








numbers can you think of? 








Some examples of extremely small numbers include: 










Q 



Nanotechnologies and particles 








Q 



Revenue from clicks on advertisements online 








Q 



Molecular, DNA and genome sizes 








Q 



Blood testing for doping in sport (parts per million) 








Q 



Pollution measurements – particles in air 








Q 



Stock market and currency fluctuations (irregular 








changes) 








Q 



Computer chip sizes. 











2011 Total 








emissions 








country rank 








Country 








2011 Total carbon dioxide emissions 








from the consumption of energy (million 








metric tons) 








2011 Per capita CO 



2 



emissions from the 








consumption of energy (metric tons of CO 



2 








per person) 








1 








China 








8715.31 








6.52 








2 








United States 








5490.63 








17.62 








3 








Russia 








1788.14 








12.55 








4 








India 








1725.76 








1.45 








5 








Japan 








1180.62 








9.26 








6 








Germany 








748.49 








9.19 








7 








Iran 








624.86 








8.02 








8 








South Korea 








610.95 








12.53 








9 








Canada 








552.56 








16.24 








10 








Saudi Arabia 








513.53 








19.65 








Source: 



www.ucsusa.org/global_warming/science_and_impacts/science/each-countrys-share-of-co2.html#.V2fYnLsrJD9 








Q 



Table 1.4 



CO 



2 



emissions 
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HOW DO MATHEMATICIANS 








AND SCIENTISTS HANDLE 








THESE HUGE OR TINY 








NUMBERS? 








While the goal of journalists, politicians and online news is 








to make facts accessible and easy to understand (so they 








often round or simplify), the goal for mathematicians and 








scientists is to be as accurate, precise and correct as possible. 








So how can we make these extreme numbers easier to work 








with, mathematically? 








First let’s consider the idea that the zeros at the start or 








end of the number can be represented as a power of 10 








because: 








10 








6 



= 1 000 000 and 10 








−6 



= 0.000 001 








and so on for lots and lots of zeros. 








So the 



standard form 



for handling such large or small 








numbers is to convert them into a number between 1 and 








10 and remove all the zeros by having orders of magnitude/ 








powers. 








! 








Your mission is to educate people about the 








incredible scale of numbers these days – how we 








need to be aware of the incredibly large and small as 








our digital world gets ever bigger and our computing 








storage and technology gets smaller. 








! 








Research 



instances of extremely large and small 








numbers and create a display to communicate 








how these numbers affect us all globally. Use your 








creativity and engage your audience by making these 








extreme numbers interesting and relevant. 








! 



  Take action 








When you see these types of questions: ‘Give your answer in the 








form of 



a 



× 10 








n 



where n 



‫א‬



 Z and 1 








n 



where n 



‫א‬



 Z and 1 



൑ 



a 



< 10, you will know they 








are asking for standard form. 








Hint 








Let’s take 26 800 000 as an example. The only way to 








make this a number between 1 and 10 is to move the 








decimal place until we get a number that lies in this range. 








For example, 








26 800 000.0 








put in the decimal point 








Now move it until it shows a number between 1 and 10. 








2.6 8 0 0 0 0 0. stop at 2.6 as this is > 1 but < 10 








How many times did we move the decimal to the left? 








2.6 8 0 0 0 0 0 








We moved it 7 times so the correct standard form is 








2.6800000 × 10 








7 








2.68 × 10 








7 








Let’s take another real-world example: 








In 2006 Warren Buffett, one of the US’s richest people, 








donated $4 350 000 000 to charity. 








This number is both unwieldy (hard to work with) and so 








large that it is difficult to imagine. Outside of mathematics 








and sciences, this number would most often be referred 








to 4.35 billion dollars. But in standard form, or scientific 








notation, it would be: 








4 3 5 0 0 0 0 0 0 0. 








(4.35 × 10 








9 








) … 7 zeros 








+ 2 hops to get 4.35 








9 








So 10 








9 



is the order of magnitude. 








If Mr Buffett decided to double his contribution to global 








charitable causes, it is an easy calculation to complete in 








this form, i.e. 








(4.35 × 10 








9 








) × 2 = 8.7 × 10 








9 



dollars 








But what about an extremely small number? 








0.000 000 004 4 








4.4 would be the number between 1 and 10 but how do 








we get there? 








0.0 0 0 0 0 0 0 0 4.4 








3   2   1 








7   6   5   4   3   2   1 
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PRACTICE QUESTIONS 








Convert 



these numbers into standard form 








a   








70 000 000 








b   








50 000 000 000 








c   








13 000 000 








d   








0.000 000 9 








e   








0.0008 








f   








0.03 








g   








0.000 352 








h   








0.000 000 000 777 








i   








0.000 202 2 








j   








125 000 000 








k   








52 340 








l   








93 000 000 








m   








5316.72 








n   








1094.73 








o   








2.0059 








p   








0.007 100 








q   








0.002 22 








r   








32.0007 








Don’t forget! A zero within a number is not going to 








disappear as it would change the value of that number. 








1 



002 



500 000 000 000 becomes 1.0025 × 10 








15 








In what way would this number change if you 








accidentally removed the 



00? 



How would it make the 








answer 



wrong? 








Convert 



these numbers out of standard form into very 








large or small numbers. 








a   








7 × 10 








3 








b   








5 × 10 








6 








c   








8.2 × 10 








4 








d   








9 × 10 








–2 








e   








3 × 10 








–3 








f   








2 × 10 








–9 








g   








8.5 × 10 








–2 








h   








9.73 × 10 








5 








i   








2.52 × 10 








–2 








j   








6.25 × 10 








5 








k   








5.323 × 10 








–3 








l   








6.324 × 10 








11 








m   








6.022 × 10 








23 








n   








5.005 × 10 








5 








o   








5.005 × 10 








–5 








p   








3.14159 × 10 








2 








q   








0.222 × 10 








22 








r   








3.0007 × 10 








4 








We ‘jumped’ 9 times to get to 4.4, but we jumped to the 








right 



this time so the standard form would be 








4.4 × 10 








–9 








Here’s another example. A popular website hosts 








an emergency and natural disaster service so people 








can check in to say they are safe and let their loved 








ones around the world know they are ok. A powerful 








earthquake hit a city of almost 4 million people. Following 








the earthquake, the website’s servers showed 2.4 × 10 








2 








people ‘checked in’ every minute on average for the first 








six hours after the disaster. How many people used the 








service? 








(2.4 × 10 








2 








) × 60 × 6 = 8.64 × 10 








4 



people 








= 86 400 people were confirmed 








safe. 








Let’s take another real-world example but this time it will 








be ‘out of this world’. A comet is travelling extremely fast 








at 204 000 metres per hour. How far will it travel in 4500 








hours? 








If we use the formula from Physics: 








distance = speed × time 








distance = 204 000 × 4500 








distance = 918 000 000 








Let’s get rid of the zeros 








distance = 918 × 10 








6 








But 918 is not between 1 and 10 and does not satisfy 








standard form, so let’s move the decimal 








? 



distance = 9.18 × 10 








8 








The power has increased by 2 because we moved the 








decimal twice. 








So the final answer is that the comet travelled 9.18 × 10 








8 








metres in that time. 








It helps when you are working with all these zeros to cover up 








numbers with your finger while counting or when you have 








counted them. It stops you double counting or getting confused. 








Hint 
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WHY IS IT ALL SO IRRATIONAL? 








Radicals and surds 








99 








9 








9 








9 








9+9 








9 








9 








9 








9+ 








9 








9 








9− 








9 








ξ9 








9 








9−ξ9+.9 








9 








9 








ξ9!- 








9 








9 








ξ9+ 








ξ9+9-9 








9 








9+ 








ξ9 








9 








9- 








ξ9 








Working with radicals and surds 








Just as with powers and algebraic terms, like radical terms 








can be added or subtracted while unlike radicals cannot. 








Example 








√2 



+ 



√2 



= 



2√2 








√11 



+ 



√11 



+ 



√11 



= 



3√11 








5√7 



– 



3√7 



= 



2√7 








While radicals of different numbers cannot be added or 








subtracted in this form for example: 








√2 



+ 



√5 



= 



√2 



+ 



√5 



this cannot be simplified 








further 








√6 



+ 



√4 



+ 



√4 



+ 



√6 



= 2√4 + 2√6 … collecting 








like terms 








√1 



+ 



√2 



+ 



√3 



+ 



√4 



= 



±1 



+ 



√2 



+ 



√3 



± 



2 








none of the terms were alike but we 








know that 



√4 



has the solutions 2 and −2 








and 



√1 



has the solutions 1 and –1 








You will have learnt the symbol for radicals or roots as 



√‫,ݔ‬ 



for example 



√16 



or 








√100. 



This √ symbol denotes a square root, while 








3 








√ indicates a cube root, 








4 








√ a 








fourth root and so on. A cubed root is a number which when cubed gives the 








original number. For example, cube root of 64 ( 








3 








√64) 



is 4, because 4 × 4 × 4 is 64. 








Some square roots have integer solutions such as 



√4 



= 2 and −2. Many 








other radicals, or roots, do not have whole number solutions, for example 








√5 ≈ 2.236 



067 977 499 7. 








As we learnt earlier, these cannot be written as fractions or ratios because 








they are 



non-terminating decimals. 



Many radicals are irrational numbers. 








Sometimes it may be easier to carry out calculations or give answers in 



surd 








form. 



Surd form means you can leave the roots symbol in your answer. 








This is said to be its most 



exact form 



because with any decimal form of the 








radical there has been some rounding of the decimal places. 








How do we use radicals, roots and surds with algebraic 








terms (letters)? 








The procedure is exactly the same as shown earlier: 








√‫ݔ‬ 



+ 



√‫ݔ‬ 



= 



2√‫ݔ‬ 








3√‫ݕ‬ – 2√‫ݕ‬ = 



1√‫ݕ‬ 








but 



√‫ݔ‬ 



+ 



√‫ݕ‬ 



= 



√‫ݔ‬ 



+ 



√‫ݕ‬ 
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Examples 








√12 



× 



√2 



= 



√24 



spoiler: this can be simplified further 








√12 



× 



√10 



= 



√120 








√‫ݔ‬ × 



√a 



= 



√a‫ݔ‬ list the terms in alphabetical order 








√7 



× 



√6 



× 



√2 



= 



√84 








√l 



× 



√m 



× 



√n 



= 



√lmn 








4√o × 2√p = 8√op 








–√6 × 



√5 



= – 



√30 








–11√5 × 3√u = – 33√5u 








4 








√f 



× 








4 








√g 



× 








4 








√h 



= 








4 








√fgh 








How can we simplify surds? 








If 



√50 



÷ 



√5 



= 



√10 



then 



√b 



÷ 



√c 



= √ 








b 








c 








How do we multiply radicals and surds? 








Remember multiplying letter terms in algebra? You will have 








learnt that 








four times 



‫,ݔ‬ 



or four lots of 



‫ݔ‬ 



= 4‫ݔ‬ 








or 



‫ݔ‬ 



multiplied by 



z 



= 



‫ݔ‬z 








Similarly, this works with numbers and letters in surd form: 








√3 



× 



√5 



= 



√15 








√10 



× 



√2 



= 



√20 








√b 



× 



√d 



= 



√bd 








√e 



× – 



√f 



= –√ef 








Same for multiplying a radical by an integer: 








3 × 



√14 



= 3√14 








6 × 



√7 



= 6√7 








g 



× 



√h 



= 



g√h 








PRACTICE QUESTIONS 








1   



Try these questions: 








a   



√8 



+ 



√8 



= 








b   



3√3 + 3√3 = 








c   



11√2 + 2√2 – 10√2 = 








d   



√7 



+ 



√8 



+ 



√8 



= 








e   



√a 



+ 



√a 



+ 



√a 



+ 



√a 



= 








f   



8√6 – 6√6 = 








g   



√5 



+ 2√5 + 3√5 + 4√5 + 5√5 = 








h   



√12 



+ 2√12 + 6√12 + 12√12 = 








i   



√47 



+ 



√33 



+ 3√33 + 47√33 – 11√33 = 








j   



2√c + 2√d – 



√c 



= 








k   



18√7 – 11√7 – 4√3 – 6√3 – 2√7 = 








l   



4√10 – 6√10 = 








m   



√6 



+ 



√6 



+ 



√36 



– 6√6 = 








n 








1 








2 








√21 



+ 








3 








2 








√21 



+ 



√12 



+ 2√12 = 








o   



√b 



– 



√b 



+ 



√a 



+ 2√a = 








p 








3 








√g 



+ 








3 








√g 



= 








2   



Show 



how to multiply these radicals and surds: 








a   



√28 



× 



√2 



= 








b   



√2 



× 



√17 



= 








c   



√f 



× 



√g 



= 








d   



2√h × 4√i = 








e   



√6 



× 



√6v 



= 








f   



6√7 × 3√2 = 








g   



–√5‫ݔ‬ × 



√2‫ݕ‬ = 








h   



1√3 × –√20 = 








i 








3 








√m 



× 








3 








√o 



× 








3 








√n 



= 








3   



Explain 



in your own words how to divide 








radicals/surds. 
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Speaking of communication … 








In an earlier example: 








√12 



× 



√2 



= 



√24 



spoiler: this can be simplified further 








What was meant by this? 








So, 



√24 



is a surd but it is not in its 



simplest 



form. If it is 








possible to remove a known square and convert it into a 








whole number (or take it out from under the square root) is 








considered a more elegant answer. 








And as we know that one of the factors of 24 is an easily 








recognizable square, i.e. 4 then we can simplify in the 








following way: 








√24 



= 



√(4)(6) 








which is also 








= 



√4√6 








so 








= 2√6 is the simplest form of this surd. 








Example 








Simplify 



√32. 








Solution 








√32 



= 



√(16)(2) 








= 



√16√2 








= 4√2 








Simplify 



√640. 








Solution 








√640 



= 



√(64)(10) 








= 



√64√10 








= 8√10 








Write 



√500 



in simplest 








terms. 








Solution 








√500 



= 



√(25)(20) 








= 



√25√20 








= 5√20 








But is this as simple as 








possible? There is another 








whole (square) number 








which we can remove: 4, 








which is a factor of 20 








So, 








5√20 = 5√(4)(5) 








= 5√4√5 








= 5(2)√5 








= 10√5 








Remember prime factor trees from primary school? 








98 








2 × 49 








7 



× 



7 








So 



√98 








= 



√2 



× 49 








= 



7√2 








700 








7 × 100 








25 








4 








5 



 × 



 5     2 



× 



  2 








√700 








= 



√7 



× 100 








= 10√7 








Also 








√7 



× 5 × 5 × 2 × 2 








= (5)(2)√7 








= 10√7 








If it helps to you to 



identify 



the largest square numbers 








possible, you can use these trees in this way. 








Of course, it also really helps if you know the square 








numbers up to at least 144 for easy and quick recognition. 








See the summative problems at the end of this chapter for 








more practice questions. 








Play this interactive game: Is this a prime number? 








http://isthisprime.com/game/ 








If a question asks you to leave your answer in surd form or as 








a�b 



form, you should leave the root symbols in your answer. By 








turning it into a decimal number, you have made it less exact and 








not followed instructions fully. This will mean you cannot reach 








the highest communication levels. 








Hint 
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EXTENDED MATHEMATICS: 








FRACTIONAL EXPONENTS 








The following pages are designed for students undertaking 








the Extended Mathematics course in MYP but can also 








be studied as enrichment or extension for Standard 








Mathematics students. The more forms you know, the 








better! Each one is a form of communication and helps 








deepen your appreciation of number patterns and 








expression. 








Radicals (or roots) can also be expressed in a different 








form 








a 








1 








2 








= 



√a 








Where the power of 








1 








2 








is another way of expressing a 








square root. 








Examples 








64 








1 








2 








= 



√64 



= 8 








21 








1 








2 








= 



√21 








√21 



≈ 4.58 correct to 3 significant figures 








196 








– 



1 








2 



= 








1 








196 








1 








2 








= 








1 








√196 








1 








14 








or 0.071 








So now we know that the power of a half is the same as the 








square root of something. What about the power of a third? 








Or a quarter? 








a 








1 








3 



= 








3 








√a 








and … 








a 








1 








4 



= 








4 








√a 








and … 








a 








1 








5 



= 








5 








√a 








And the general form is 








a 








1 








n 



= ? 








Most calculators and apps have a 



√ 



button for square 








roots, a 








3 








√ 



button for cube roots and a 








‫ݔ‬ 








√ 



button to find 








all other roots. 








You could also use the fractional power by using the 



‫ݕ‬ 








‫ݔ‬ 








button or 



‫ݔ‬ 








‫ݕ‬ 



button and inserting the fractional power. 








Both of these methods should give you the same answer, if 








inputted correctly. Ask your teacher for help if you cannot 








use any of the buttons above. 








For the purposes of the following questions, all of the answers 








will be an 



‫א‬ N. 



Try to do as many without the calculator as 








possible to practice your number and memory skills. 








Other important rules 








Combining what we know about negative powers as well as 








powers with fractions, means that: 








a 








– 








1 








2 



= 








1 








a 








1 








2 








= 








1 








√a 








PRACTICE QUESTIONS: Simplify 








1    a 



   25 








1 








2 








b   



8 








1 








3 








c   



225 








1 








2 








2    a 



   121 








1 








2 








b   



27 








1 








3 








c   



64 








1 








3 








3    a 



   64 








1 








2 








b   



32 








1 








5 








c   



625 








1 








4 








4    a 



   1 








1 








2 








b   



256 








1 








2 








c   



512 








1 








3 








5    a 



   49 








1 








2 








b   



100 000 








1 








5 








c   



2 








1 








2 



× 



2 








1 








2 
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ACTIVITY: Extended 








Mathematics: Logs and bases 








Q 



Media literacy skills: Locate, organize, analyse, 








evaluate, synthesize and ethically use information 








from a variety of media (including digital and 








social media and online networks) 








Q 



ATL 








Calculator practice: Push the button! 








Find the ‘log’ button. Use this button to find the 








answers to the questions below: 








O 








Find log 10 








O 








Find log 100 








O 








Find log 



10000000 








O 








Find log 



1000000000000 








What do you notice? 








X 








In this activity you have practised skills that are 








assessed using Criterion B: Investigating patterns. 








X 



Assessment opportunities 








We can represent this using 



logarithms. 



It is written in the 








following form: 








log 



2 



8 = 



‫ݔ‬ 








log 8 to the base 2 is equal to what? 








Is there a visual way to imagine what we are looking for? 








Imagine there is an empty box between the base and the 








number. We need to fill that box with the correct power to 








get to the bigger number. 








Alternatively, you could imagine them as stairs – how do you 








get from the bottom step (the base) to the final number? 








What power would get you there? 








log 



2Q 



8 








2 to the power of what = 8? 








log 



2 








3 



= 



8 








the missing number is 3 








so log 



28 



= 3 








IS IT REALLY 



ALL 



ABOUT THAT 








BASE? 








Let’s start by looking at a simple equation: 








2 








3 



= 8 








What does the equation in this form tell us? 








power 








2 








3 



= 8 








base 








number 








We read this aloud as ‘2 to the power of 3 is equal to 8’. We 








know this to be true because 2 × 2 × 2 = 8 








But what if 3 was unknown? 








2 






‫ݔ‬ 








= 8 








How could we find 



‫ݔ‬ in this case? The question becomes 








2 to the power of what gives an answer of 8? 








Example 1 








log 



2 



16 = ? 








Let’s zoom in on the numbers 2 and 16. What power 








would 2 need to equal 16? How many times must you 








multiply it by itself to get 16? 








2 × 2 × 2 × 2 × 2 = 2 








5 



= 16 








? 



log 



216 = 



5 








Example 2 








log 



5125 = ? 








5 to the power of what, would give an answer of 125? 








5 × 5 × 5 = 125 








? 



log 



5125 = 3 








Example 3 








Find 








log 



41024 








4 × 4 = 16  16 × 4 = 64  64 × 4 = 256  256 × 4 = 1024 








? 



log 



41024 = 5 
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PRACTICE QUESTIONS 








Find: 








1   



log 



39 








2   



log 



416 








3   



log 



1010000 








4   



log 



5625 








5   



log 



13169 








6   



log 



1111 








7   



log 



5 



1 








8   



log 



9 



9 








9   



log 



8 



32768 








Other laws of logs 








Law 1: Addition 








log 



‫ݔ‬ 



+ log 



‫ݕ‬ 



= log 



‫ݕݔ‬ 








for example log 2 + log 5 = log 10 








Law 2: Subtraction 








log 



‫ݔ‬ 



– log 



‫ݕ‬ 



= log 








‫ݔ‬ 








‫ݕ‬ 








for example log 10 – log 5 = log 2 








Law 3: Multiplication 








n 



log 



m 



= log 



m 








n 








for example 3 log 2 = log 2 








3 



= log 8 








Practice without bases: 








Log 7 + log 10 = 








Log 52 – log 4 = 








Log 4 + log 9 + log 10 – log 30 = 








COLOUR–IMAGE–SYMBOL 








Think about what you have learnt about logarithms, 








what they do and the laws that govern them. 








Summarize 



what you have studied by choosing a 








colour, an image and a symbol to represent logs. 








(Be honest, did you pick brown as the colour for logs?) 








To learn more about logarithmic functions and what 








they look like, see Chapter 9 on Functions. 








Here’s another way to visualize the laws of logs using 








colours instead of numbers: 








= 








= 








log 








( 








) 








log 








= log 








+ 








= 








x 








( 








) 








log 








log 








log 








− 








( ) 








log 








= log 








log 








Source: 



Visual log laws 



by Brittany Bordewyk 








If logs are the inverses of powers, 



explain 



how the 








first two laws relate to the following power laws: 








࢞ 








a 



× 



࢞ 








b 



= 



࢞ 








a+b 



when you multiply, add the powers 








‫ݕ‬ 








a 








‫ݕ‬ 








b 








= 



‫ݕ‬ 








a–b 








when you divide, subtract the powers 








Remember: 








log 



a 



b 



= 



c 



means that 








a 








c 



= 



b 








log 



a 



a 



= 



1 



because the power of 1 always remains the same 








o 



a 








1 



= 



a 








log 



b 



1 = 0 because anything to the power of zero = 1 



o 



b 








0 



= 1 








Hint 
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SOME SUMMATIVE PROBLEMS 








TO TRY 








THIS PROBLEM CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION D 








1 








The music streaming service Spotify pays a royalty to a 








musician or a band each time someone streams their 








song. They pay $0.0084 per streaming of a song. At the 








end of 2015, the five most played songs were: 








1 








Major Lazer - ‘Lean On (feat. MØ & DJ Snake)’ 








- 586 million streams 








2 








Ed Sheeran - ‘Thinking Out Loud’ - 556m streams 








3 








OMI - ‘Cheerleader - Felix Jaehn Remix Radio Edit’ 








- 507m streams 








4 








Mark Ronson - ‘Uptown Funk’ - 498m streams 








5 








Hozier - ‘Take Me To Church’ - 476m streams 








a 








Do you think these numbers have been rounded off? 








Why do you think that? 








b 








Would any simplification of the numbers affect the 








amount of money received by the artists? Why or 








why not? 








c 








How much was paid to each of these artists? 



Show 








your calculations. Choose an appropriate level of 








accuracy for your answer. 








d 








Give your answer in standard form also. 








THIS PROBLEM CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION C 








2 








Redraw 



Table 1.4 on page 15 by adding additional 








columns for each rounding of Columns 3 and 4. 








Level 1–2 Round all the values in Column 3 and 4 to 








1 decimal place. 








Level 3–4 Round all the values in Column 3 and 4 








to 1 d.p. and whole numbers. 








Level 5–6 Round all the values in Column 3 and 4 








to 1 d.p., whole numbers and to the nearest 100. 








Level 7–8 Round all the values as above and to an 








appropriate degree of accuracy for a news report. 








THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION A TO LEVEL 1–2 








3 








Explain 



what these symbols mean? 








a  



N 








b  



Z 








c  



‫א‬ 








4 








Match 



the numbers to the correct reciprocal. 








a  



5 








b  



11 








c  



10 








i 








1 








10 








ii 








1 








11 








iii 








1 








5 








5 








Convert 



these numbers into scientific notation 








a  



5 673 000 000 








b  



0.000 0087 








THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION A TO LEVEL 3–4 








6 








Explain 



what these symbols mean: 








a  



Q 








b  



R 








7 








Complete 



the following with a correct set. 








5 



‫א‬ 



______ 








8 








Convert 



these numbers into scientific notation. 








a  



5 000 073 000 000 








b  



0.000 000 080 7 








THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION A TO LEVEL 5–6 








9 








Complete 



the following with a correct set. 








5.6 



‫א‬ 



______ 








10 








Convert 



these numbers into scientific notation. 








a  



5 673 000 000 × 304 700 000 000 








b  



0.000 008 7 × 0.000 000 009 9 








EXTENDED 








11 








a  



log 



27729 








b  



log 



1001 








c  



log 



122122 








12 








Simplify 








a  



log 8 + log 3 








b  



log 24 – log 8 
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 








LEARNING IN CRITERION A TO LEVEL 7–8 








13 








Complete 



the following with the correct set. 








√6 



‫א‬ 



______ 








14 








Convert 



these numbers into scientific notation. 








a  



(5 673 000 000) 








2 








b  



(0.000 008 7) 








–1 








EXTENDED 








15  



Find 








a   



log 



2 








1 








2 








b   



log 



3 








1 








27 








c   








log 



100 



100 00 








16  



Simplify 



log 6 – log 2 + 3 log 2 








17  



Solve 



log 



‫ݔ‬ 



+ log 7 = log 42 








Reflection 








Use this table to reflect on your own learning in this chapter. 








Questions we asked 








Answers we found 








Any further questions now? 








Factual: 



How are numbers sets defined? How and why do we 








group numbers? What is meant by approximate and exact? 








Conceptual: 



How do number systems expand our understanding? 








What patterns can we see in different number forms and 








operations? 








Debatable: 



Were numbers invented or discovered? Is there a best 








form for a number? Can the form of a number mislead or affect 








our decisions? Can rounding help or hinder decision-making? 








Approaches to Learning you used in this chapter: 








Description – what new skills 








did you learn? 








How well did you master the 








skills? 








Novice 








Learner 








Practitioner 








Expert 








Communication skills 








Media literacy skills 








Creative-thinking skills 








Learner profile attribute 








How did you demonstrate your skills as a communicator in this 








chapter? 








Communicator 
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Relationships 








Simplification 








Identities and relationships 








Finding and expressing 








things 



in common 



helps us 








to 



simplify 



and improve 








relationships. 








2 








Why does algebra 








look so clever? 








Factual: 



How do we factorize 








expressions? How can equations 








be solved? What is meant by an 








unknown? 
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least one group.
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These Approaches to Learning (ATL)
skills will be useful ...

m Communication skills

m Creative-thinking skills

We will reflect on this learner
profile attribute ...

o Communicator — we express ourselves confidently and
creatively in more than one language and in many
ways. We collaborate effectively, listening carefully to
the perspectives of other individuals and groups.

A number is a quantity or an amount, a value expressed in
words, digits or other notation. Certain groups of numbers
are used so often and are so important that they are given
their own names such as primes, evens, odds, square
numbers, imaginary numbers, triangle numbers, natural
numbers and so on. You will have met many of them
already in your studies.

Let's look at various ways to group numbers.

THINK-PAIR-SHARE

The following is a random list of numbers.

1
16 21.6 -64
6

-7 9.06 7.6 -05
n V78 92 -92 1.4

2 7 8.55 9 n

How can you categorize these numbers? With your
partner, discuss how you could group these numbers
together. Make sure that each number is included in at
least one group.

@ Assessment opportunities in

this chap

You will already know:
¢ how to round decimal places to whole numbers

¢ what natural numbers and integers (directed
numbers) are

¢ what prime numbers, squares and cubes are
¢ what square roots are and know the values of:

V1, V4, 9, 16, /25, 36, v/49, \/64, /81, 1/100, /121
and \144

accuracy reciprocals
decimal places (d.p.) rounding
irrational significant figures (s.f.)

9
1
-8 QZ

9890 0.8

How did you group these numbers? Did you use the form
of the number - whether it was a decimal or a fraction,
for example? Did you refer to the sign? Or did you use

a different number property you learnt when you were
younger, such as integers or primes? Was there a pattern
to your groups?

1 In how many different ways can we express the same thing?
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Give these powers as a simple natural number:

a2t o & c 122

Hint

When you are tryjing to nput a power inko a ealeulator, app or

ina prograw suoh as Excel, you will oftew use the symbol *, for
example 2° will be inputas 2”6

This is a programming wotation, not a strictly wathematioal one,
and as sueh is wot aceepted in @ funal answer.

Solve:
@I2=EA3 2R OO IG5 c 52'+72

Hint
You will ste here that awy wiunber to the power of L remains the
same.

Awy wiumber to the power of 0 is equal to 1.
Rules:  x*=Xx and #=a
This {s true for all wumbers to the power of zero, which is undefined.

(i ]
Show that

We have seen that when we multiply like terms with
powers, that we simply add the powers, for example

h3 x h1o = p13
Show that 6° + 6' = 6

Solve:
a (2°-10%) x (32 x 0.5)
b (2843°x 78199
c (80" x 0.05' + 2297

How does it work with letters or algebraic terms?

Ferwrwxr and Erxaeeix

If the power indicates how many times you multiply them, it
must follow that if we multiply these ...
X xx' = (xxx x x)(x x x x x xx) count up the
number of x terms
X =t

So  x*x

and x? x xP = x*t

Solve:

a a'xa b b° xb? GG
Multiplying different algebraic terms with different letters is

also easy. See if you follow the patterns from these examples.
abxab=axaxbxb=ab’
XY x P =(xxxxyxyxyxYPYx(xxxxxXXXY
x y) = x°y°
rsxst=rxsxsxt=rst
Hint
Best communiontion is always to List the coeffisient or wumber
part first, followed by any Letters, in alphabetical order. This shows

Yjow cam use appropriate forms of mathematioal representation to
present information (Criterion Cif).

‘Show that” means you should begin with the left-hand
side (LHS) and show all working out to get you to the
answer on the right-hand side (RHS).

Show that ¢ + d* = o

From your working (hence), or otherwise describe how
to divide like terms with powers. Remember to verify, or
prove, the rule by checking with numbers.

Mathematics for the IB MYP 4&5: by Concept
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PRACTICE QUESTIONS

Find:

1 log,9

2 log,16

3 log,,10000
4 log,625 5 log,,169

8 log, 9

6 log,1

7 logy1 9 log, 32768

Remember:

a=b

log, @ = 1 besause the power of 1 aAlways remains the same
—>a=a

log, b= c weans that

log,1=0 because anything tothe power of zero =1 —> &P =1

Other laws of logs

Law 1: Addition

log x + log y = log xy

for example log 2 +log 5 = log 10

Law 2: Subtraction

Iogx—logy—logz
y

for example log 10 —log 5 = log 2

Law 3: Multiplication

nlogm=logm"

for example 3log 2 =log 2° =log 8

Practice without bases:

Log 7 +log 10 =

Log 52 - log 4 =

Log4 +log 9 + log 10 —log 30 =

Here's another way to visualize the laws of logs using
colours instead of numbers:

|
oggM-7«—> N -1
0ag(Mx ") = logy W +1og, "

09y %) = loggll - logg "

ogy (W)= logll

Source: Visual log laws by Brittany Bordewyk

If logs are the inverses of powers, explain how the
first two laws relate to the following power laws:

x? x x? = x*** when you multiply, add the powers

o

o= when you divide, subtract the powers
y

COLOUR-IMAGE-SYMBOL

Think about what you have learnt about logarithms,
what they do and the laws that govern them.
Summarize what you have studied by choosing a

colour, an image and a symbol to represent logs.

(Be honest, did you pick brown as the colour for logs?)

To learn more about logarithmic functions and what
they look like, see Chapter 9 on Functions.

1

In how many different ways can we express the same thing?
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EXTENDED MATHEMATICS:
FRACTIONAL EXPONENTS

The following pages are designed for students undertaking
the Extended Mathematics course in MYP but can also

be studied as enrichment or extension for Standard
Mathematics students. The more forms you know, the
better! Each one is a form of communication and helps
deepen your appreciation of number patterns and
expression.

Radicals (or roots) can also be expressed in a different
form

1
a’=va

Where the power Of% is another way of expressing a
square root.

Ex‘amples
642=164=8

i
212=421

V21 ~ 4.58 correct to 3 significant figures

1

1
1967 =
1967
-1
1%
1 or0.071
14

PRACTICE QUESTIONS: Simplify

25t
121%

So now we know that the power of a half is the same as the
square root of something. What about the power of a third?
Or a quarter?

1

a3 =1a and ...
1

at={a and

1

as=1a

And the general form is
1
an=7?
Most calculators and apps have a £ button for square
roots, a+i button for cube roots and a /% button to find
all other roots.

You could also use the fractional power by using the y*
button or x” button and inserting the fractional power.
Both of these methods should give you the same answer, if
inputted correctly. Ask your teacher for help if you cannot
use any of the buttons above.

For the purposes of the following questions, all of the answers
will be an € N. Try to do as many without the calculator as
possible to practice your number and memory skills.

Other important rules

Combining what we know about negative powers as well as
powers with fractions, means that:
1
az= 1—‘ =
a

3

1 In how many different ways can we express the same thing?
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If @ question asks you to Leave your answer in surd form or as
a\/l;fom, You should Leave the oot symbols in your answer. By
turning it into & deoimal nimber, you have made it Less exact and
not followed instructions fully. This will mean you cannot reach
the highest communleation Levels.

Speaking of communication ...

In an earlier example:

V12 x\2 = \24

What was meant by this?

spoiler: this can be simplified further

So, \24 is a surd but it is not in its simplest form. If it is
possible to remove a known square and convert it into a
whole number (or take it out from under the square root) is
considered a more elegant answer.

And as we know that one of the factors of 24 is an easily
recognizable square, i.e. 4 then we can simplify in the
following way:

V24 = \4)6)

which is also
= (6
so =26 is the simplest form of this surd.
Example Solution
simplify 132. 32 =(16)(2)
= 1612
=42
Simplify 640. Solution
V640 = (64)(10)
= /64y10
=810

Write y/500 in simplest  But is this as simple as

terms. possible? There is another
whole (square) number
Solution which we can remove: 4,
/500 = /(25)(20) which is a factor of 20
=125/20 So,
=520 5120 = 5/(4)(5)
=5V45
=5Q2)\5
=10y5

Remember prime factor trees from primary school?

D o0
(2)x 49 (7) = 100

o K

So 498
=2 x 49
=72 =17 100
=10V7
Also
V7 x5x5x2x2
= (5)2K7
=10V7

If it helps to you to identify the largest square numbers
possible, you can use these trees in this way.

Of course, it also really helps if you know the square
numbers up to at least 144 for easy and quick recognition.

See the summative problems at the end of this chapter for
more practice questions.

Play this interactive game: Is this a prime number?
http:/isthisprime.com/game/

Mathematics for the IB MYP 4&5: by Concept
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DYNAMIC
D LEARNING

Dynamic Learning is an online subscription solution that supports teachers and students with quality
content and unique tools. Dynamic Learning includes Teaching and Learning Resources, Whiteboard
elextbooks and Student eTextbooks.

Mathematics for the IB MYP 4&5 Teaching and Learning Resources help teachers create
outstanding lessons and encourage students to develop, progress and achieve. Using the Lesson
Builder tool teachers can:

e create, organise and edit lessons

e share plans, lessons and resources with colleagues

e assign lessons and resources to students

e export lessons and pre-tagged content to a VLE at the click of a button.

Teachers can also combine their own trusted resources alongside those from Mathematics for the IB

MYP 4&5 which has a whole host of informative, exciting and interactive resources including:

o Unit planners for every chapter, including teaching notes and guidance for extension and enrichment
of learning

e PowerPooint presentations to introduce the topics

o Student materials and worksheets

e Practice questions to test and check understanding

Mathematics for the IB MYP 4&5 is also available as a Whiteboard eTextbook which is ideal for
front-of-class teaching and lesson planning.

Whiteboard eTextbooks are zoomable, flickable, searchable pages of traditional printed textbooks that
enable teachers to:

e (display pages to their class

e export sections of the book to their VLE

e add notes and highlight areas

e Dbookmark key pages.

Find out more and sign up for free trials — visit: www.hoddereducation.com/dynamiclearning

- J
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Some exponent multiplication (and division) can be made more challenging by
including a coefficient and/or a negative or minus sign:

Example
(14x? yz) x (2y?2?)

Solution
(14x% yz) x (2y> ) = (14 x 2)(x*)(y x y?)(z x ) group the like terms
together

= (28)(x)(y*)(2°)

= 28 5 5 22
—ijk x jk x —ik
Solution
—ijk x jk x =ik = (= x =) (i x i) (j x j) (k x k) as minus x minus = plus, or

—-Xx—-=+
=K

b IO TR

Solution
Tce 2O ST P = (B X e T D E2) (X E0)(S)

= (&)(=2)(r"°)(s) now rearrange to put the
coefficient, including the sign,
first

=-2(")(r°)(s)  now rearrange to alphabetize

=-2r'"t"" «— this is the best form of
communication

PRACTICE QUESTIONS

a -11mno x 3m? d 2uvx 100V x u® v
b 4pgx 7qrx 2pr e 25w x 2wirx 10P° w*
c 3282 x18r*x f -3wfx x - 2fxw x —dxfw

Powers and
brackets
(a2 # x5
but is actually
() = x®
AND
(am)(an) = gmn
BUT
(@) = gm
For best warks i Critedon
Bif, always prove, or verify
anal Justify, the rules you have
dliscovereal with wuumebers you
havew't already been givew. This
shows the rule works wot only for

these partieular numbers but also
as 0 general rule.

Assessment
opportunities

+ In this activity you
have practised skills
that are assessed using
Criterion B: Investigating
patterns, and Criterion C:
Communicating.

1 In how many different ways can we express the same thing?
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How do we multiply radicals and surds?

Remember multiplying letter terms in algebra? You will have
learnt that

four times x, or four lots of x = 4x

or x multiplied by z = xz

Similarly, this works with numbers and letters in surd form:
V3 x\5=115
V10 x 2 =120
Vb x yd = bd
Ve x —f = —/ef

Same for multiplying a radical by an integer:
3 x4 =314
6 %7 =67
gx+h=gVh
Examples
V12 x 2 =424 spoiler: this can be simplified further
V12 x 10 = 120
Vx x \a = Vax

list the terms in alphabetical order

V7 x 6 x \2 = 84
VI x\m x yn = Imn
4o x 2\p = 8\op

-6 x 5 =-+30
—11y5 x 3yu = - 33/5u
{7 x g x {h = {fgh

How can we simplify surds?
/50 5 = {70 then 6 + e = | 2
C

PRACTICE QUESTIONS

1 Try these questions:

SQ - 0o QN T o

V8 + 8=

3y3+3/3=

1MY2 +2/2-10y2 =

V7 +8+18=
Va+ya+Va+ia=
816 - 66 =

V5 +2y5 + 3y5 + 445 + 55 =
V12 + 2412 + 6Y12 + 12412 =
VA7 + 33 + 333 + 4733 - 1133 =
2(c+2yd-vc=

187 - 117 -43-6y3-2V7 =
410 -6y10 =

V6 + 16 + 36 - 6V6 =

3 21+§\/ﬂ+\/1—2+2\/1—2=
ﬁE—\/EZ+\/E+2\/§=

{9 +ig=

2 Show how to multiply these radicals and surds:

a
b
g
d

e

f
9
h

V28 x 2 =
V2 x 17 =
VFx\g=
2Vh x &4i =
V6 x 6V =
67 x 3y2 =
—\Bx x 2y =
13 x —20 =
m x{o x{n =

3 Explain in your own words how to divide
radicals/surds.

1 In how many different ways can we express the same thing?
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Working with radicals and surds
Just as with powers and algebraic terms, like radical terms V2 +45=y2+15 this cannot be simplified

can be added or subtracted while unlike radicals cannot. further
Example V6 + 4 + 4 +6 =24 +2/6 ... collecting
V2 +Z= 22 like terms
VT 4T+ = 37T il kg P dallon 2 oL
none of the terms were alike but we
S\7 -3V7 =247 know that v4 has the solutions 2 and -2

While radicals of different numbers cannot be added or and V1 has the solutions 1 and 1

subtracted in this form for example:

WHY IS IT ALL SO IRRATIONAL?

Radicals and surds

You will have learnt the symbol for radicals or roots as v, for example /16 or
\[100. This y/ symbol denotes a square root, while ¥ indicates a cube root, { a
fourth root and so on. A cubed root is a number which when cubed gives the
original number. For example, cube root of 64 {64) is 4, because 4 x 4 x 4 is 64.

Some square roots have integer solutions such as y4 = 2 and 2. Many
other radicals, or roots, do not have whole number solutions, for example
\5 = 2.2360679774997.

As we learnt earlier, these cannot be written as fractions or ratios because
they are non-terminating decimals. Many radicals are irrational numbers.
Sometimes it may be easier to carry out calculations or give answers in surd
form. Surd form means you can leave the roots symbol in your answer.

This is said to be its most exact form because with any decimal form of the
radical there has been some rounding of the decimal places.

How do we use radicals, roots and surds with algebraic
terms (letters)?

The procedure is exactly the same as shown earlier:
Vx +x= 2%
3y -2y =1y
but Vx +y = Vx +y

Mathematics for the IB MYP 4&5: by Concept
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We ‘jumped’ 9 times to get to 4.4, but we jumped to the
right this time so the standard form would be

4.4 x10°°

Here's another example. A popular website hosts

an emergency and natural disaster service so people

can check in to say they are safe and let their loved

ones around the world know they are ok. A powerful
earthquake hit a city of almost 4 million people. Following
the earthquake, the website’s servers showed 2.4 x 10?
people ‘checked in" every minute on average for the first
six hours after the disaster. How many people used the
service?

(2.4 x 10%) x 60 x 6 = 8.64 x 10* people

= 86400 people were confirmed
safe.

Let's take another real-world example but this time it will
be ‘out of this world’. A comet is travelling extremely fast
at 204000 metres per hour. How far will it travel in 4500
hours?

If we use the formula from Physics:
distance = speed x time
distance = 204000 x 4500
distance = 918000000

Let’s get rid of the zeros
distance = 918 x 10°

But 918 is not between 1 and 10 and does not satisfy
standard form, so let’s move the decimal

.. distance = 9.18 x 108

The power has increased by 2 because we moved the
decimal twice.

So the final answer is that the comet travelled 9.18 x 108
metres in that time.

It helps whew you ave working with all these zeros to cover up
numbers with your finger while counting or whew you have
cownted thew. [t stops You double counting or getting confused.

PRACTICE QUESTIONS

Convert these numbers into standard form

70000000 d
50000000000
13000000

0.000352
0.000000000777
0.0002022
5316.72

1094.73

2.0059

0.0000009
0.0008
0.03

125000000
52340
93000000
0.007 100
0.00222
32.0007

Don’t forget! A zero within a number is not going to

disappear as it would change the value of that number.

1002500000000000 becomes 1.0025 x 10™

In what way would this number change if you
accidentally removed the 00? How would it make the
answer wrong?

Convert these numbers out of standard form into very

large or small numbers.

a 7x10°

b 5x10°
&2 3 107
&5 52 02
9.73 x 10°
252 52 W02
6.022 x 102
5.005 x 10°
5.005 x 10-°

9 x 102
BEA0R

2 82 10
6.25 x 10°
53283 3 1072
6.324 x 10"
3.14159 x 102
0.222 x 102
3.0007 x 10*

1 In how many different ways can we express the same thing?
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