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Introduction


This book has been written for all students of Cambridge IGCSETM and IGCSE (9–1) Mathematics (0580/0980) for examination from 2025. It carefully and precisely follows the syllabus from Cambridge Assessment International Education. It provides the detail and guidance that are needed to support you throughout your course and help you to prepare for your examinations. The content is aimed particularly at students studying the Extended syllabus: our Cambridge IGCSE™Core MathematicsStudent’s Book provides supportfor students focusing on the Core syllabus only.


How to use this book


To make your study of mathematics as rewarding and successful as possible, this book, endorsed by Cambridge International, offers the following important features:


Learning objectives


Each topic starts with an outline of the subject material and syllabus content to be covered. These opening pages show the learning objectives on the Extended syllabus, prefixed with an ‘E’. All Core syllabus learning objectives are covered in the Cambridge IGCSE Core MathematicsStudent’s Book.


Organisation


Topics follow the order of the syllabus and are divided into chapters. In some cases, the order of the chapters is determined by continuity of the mathematics they cover, rather than the order of the syllabus. All instances where students should refer to other chapters are clearly explained in the text.


Within each chapter there is a blend of teaching, worked examples and exercises to help you build confidence and develop the skills and knowledge you need. In particular, there is an increased emphasis on non-calculator methods as well as suggestions for the use of scientific calculators.


At the end of each chapter there are comprehensive Student Assessment questions. You will also find sets of questions linked to the Boost eBook (boost-learning.com), which offer practice in topic areas that students often find difficult.


Although the authors have identified what material belongs exclusively to the Extended syllabus by use of a purple line, students studying the Extended syllabus are expected to be familiar with all the content of the Core syllabus as well. Material which is also part of the Core syllabus has been identified with a blue line.
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ICT, mathematical modelling and  problem-solving


Problem-solving is key to mathematical thinking and ICT can play a crucial role in this. Therefore, each topic ends with a section involving investigations and the use of ICT. The ICT investigations are, however, beyond the requirements of the syllabus and are identified with a yellow line as explained below.


Diagrams and working


Students are encouraged to draw diagrams when tackling questions where appropriate, and to show their full worked solutions. This is helpful for checking your own work, and also applies to any questions where use of a calculator is allowed. 


Calculator and non-calculator questions


All exercise questions that should be attempted without a calculator are indicated by . Students should do as many calculations as possible without using a calculator. This will help to build understanding and confidence.


Some areas of mathematics, such as those using powers and roots, π, trigonometry and calculations with decimals, are more likely to require a calculator.


Core, Extended and Additional material


As this book covers the syllabus for both the Core and Extended content, we have used vertical coloured lines to distinguish between the two: a blue line and a purple line. Furthermore, there are a few instances where we have judged it to be appropriate to include some additional content that lies beyond the scope of the syllabus – where we consider it to be useful in supporting the syllabus content, and helpful in deepening understanding. This is indicated with a yellow line. 


Key terms and glossary


It is important to understand and use mathematical terms; therefore, all key terms are highlighted in bold and explained in the glossary. 


Answers and worked solutions


Answers to all questions are available free on hoddereducation.com/cambridgeextras


Worked solutions for the Student Assessment questions are available in Cambridge IGCSE Core and Extended Mathematics Teacher’s Guide with Boost Subscription.
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92


Set notation and Venn diagrams


10


SetsA set is a well-defined group of objects or symbols. The objects or symbols are called the elementsof theset.


If anelement e belongs to a set S, this is represented as e  S. If edoes not belong to set S this is represented as e  S.


Worked examplesa A particular set consists of the following elements: {South Africa, Namibia, Egypt, Angola, ...}


i Describe the set.


 The elements of the set are countries of Africa.ii Add another two elements to the set.


 e.g. Zimbabwe, Ghanab Consider the set A = {x: x is a natural number}


i Describe the set.


 The elements of the set are the natural numbers.ii Write down two elements of the set.


 e.g. 3 and 15c Consider the set B ={(x, y): y = 2x– 4}


i Describe the set.


The elements of the set are the coordinates of points found on the straight line with equation y = 2x – 4.


ii Write down two elements of the set. e.g. (0, –4) and (10, 16)


d Consider the set C = {x: 2  x  8}i Describe the set.


 The elements of the set include any number between 2 and 8 inclusive.ii Write down two elements of the set.


 e.g. 5 and 6.3


The four rules


35


Long division


Worked exampleCalculate 7184 ÷ 23 to one decimal place (1 d.p.).


312.34237184.0


0


69


2823


5446


80691192


0


18Therefore 7184 ÷ 23 = 312.3 to 1 d.p.


Mixed operationsWhen a calculation involves a mixture of operations, the order of the operations is important. Multiplications and divisions are done first, while additions and subtractions are done afterwards. To override this, brackets need to be used.


Worked examplesa    3 + 7 × 2 – 4 b (3 + 7) × 2 – 4 = 3 + 14 – 4=10 × 2 - 4 =13  = 20 - 4


 


=16


c    3 + 7 ×(2 -4) d (3 + 7) ×(2–4) = 3 + 7 × (-2)=10 × (-2)


 


= 3 -14  = -20= -11


 


Note


The order of operations wasalso covered in Chapter3.


Note how the question asks for the answer to 1 d.p., but the calculation is continued until the 2nd d.p. This is to see whether the answer needs to be 


rounded up.


102


Investigations are an important part of mathematical learning. All mathematical discoveries stem from an idea that a mathematician has and then investigates. 


Sometimes when faced with a mathematical investigation, it can seem difficult to know how to start. The structure and example below may help you.


1 Read the question carefully and start with simple cases.2 Draw simple diagrams to help.


3 Put the results from simple cases in an ordered table.4 Look for a pattern in your results.


5 Try to find a general rule in words.


6 Expressyourrule algebraically.


7 Test the rule for a new example.


8 Check that the original question has been answered.


Worked exampleA mystic rose is created by placing a number of points evenly spaced on the circumference of a circle. Straight lines are then drawn from each point to every other point. The diagram (left) shows a mystic rose with 20 points.a How many straight lines are there?b How many straight lines would there be on a mystic rose with 100 points?To answer these questions, you are not expected to draw either of the shapes and count the numberof lines.


1/2. Try simple cases:By drawing some simple cases and counting the lines, some results can be found:Mystic rose with 2 points Mystic rose with 3 pointsNumber of lines = 1 Number of lines = 3


Mathematicalinvestigations and ICT 1


1


Tree diagrams


495


b Calculate the probability of the following:i getting a 6 on the first roll,ii starting within the first two rolls,iii starting on the second roll,iv not starting within the first three rolls,v starting within the first three rolls.


c If you add the answers to b ivand v what do you notice? Explain.2 In Italy 35 of the cars are foreign made. By drawing a tree diagram and writing the probabilities next to each of the branches, calculate the following probabilities:


a the next two cars to pass a particular spot are both Italian,b two of the next three cars are foreign,c at least one of the next three cars is Italian.


3 The probability that a morning bus arrives on time is 65%.a Draw a tree diagram showing all the possible outcomes for three consecutive mornings.


b Label your tree diagram and use it to calculate the probability that:i the bus is on time on all three mornings,ii the bus is late the first two mornings,iii the bus is on time two out of the three mornings,iv the bus is on time at least twice.


4 A normal pack of 52 cards is shuffled and three cards are picked at random. Draw a tree diagram to help calculate the probability of picking:a two clubs first,c no clubs,b three clubs,d at least one club.


5 Light bulbs are packaged in cartons of three. 10% of the bulbs are found to be faulty. Calculate the probability of finding two faulty bulbs in a single carton.


6 A volleyball team has a 0.25 chance of losing a game. Calculate the probability of the team achieving:a two consecutive wins,b three consecutive wins,c 10 consecutive wins.


7 A bowl of fruit contains one kiwi fruit, one banana, two mangos and two lychees. Two pieces of fruit are chosen at random and eaten.a Draw a probability tree showing all the possible combinations of the two pieces of fruit eaten.


b Use your tree diagram to calculate the probability that:i both the pieces of fruit eaten are mangos,ii a kiwi fruit and a banana are eaten,iii at least one lychee is eaten.


8 A class has n number of girls and n number of boys. Two students are chosen at random.


a Draw a tree diagram to show all the possible outcomes, labelling the probability of each branch in terms of n, where appropriate.


b Show that the probability of two girls being chosen is 


1


221()−n


−


n


.


9 A bag of candies contains n red candies and n + 3 yellow candies. A child takes two candies from the bag at random.


a Draw a tree diagram to show all the possible outcomes and label the probability of each branch in terms of n. 


b Calculate the probability that the child picks two yellow candies.


Exercise 34.3  (cont)


30 Further trigonometry


428


Shortest distance from a point to a line


The height of a triangle is measured perpendicular to the base of the triangle, as shown above. 


In general, the shortest distance from a point to a line is the distance measured perpendicular to the line and passing through the point.e.g.


X


Y


P


X


Y


O


P


To calculate the shortest distance from point P to the line XY, draw a line perpendicular to XYpassing through P.


 


The shortest distance fromP to the line XY is therefore the distanceOP.


1 Calculate the area of the following triangles. a b 


20 cm


14 cm


30


°


c


 


1035 cm


°


40 cm


12 mm


12 mm


80


°


d


 


135


°


6 cm


8 cm


Exercise 30.4


4 Integers, fractIons, decImals and percentages


44


Student assessment 11 Evaluate the following:a 13 of 63b 38 of 72c 25 of 55d 313of 1692 Write the following as percentages:a 35e 112i 0.77b 49100f 327100j 0.03c 14g 5100k 2.9d 910h 720l


 4


3 Evaluate the following:a 6 × 4 - 3 × 8


b 15 ÷ 3 + 2 × 74 Work out 368 ×49.


5 Work out 7835 ÷ 23 giving your answer to 1 d.p.6 Evaluate the following:a 21245−b 31247×


7 Change the following fractions to decimals:a 78b 125c 89


d 3


2


7


8 Change the following decimals to fractions. Give each fraction in its simplest form.a 6.5b 0.04c 3.65d 3.0089 Convert the following decimals to fractions, giving your answer in its simplest form:a ..0.07b .0.0009c ..3.020


10 Work out 1.0250.805


−by first converting each decimal to a fraction. 


..


Give your answer in its simplest form.


Worked examples


The worked examples cover important techniques and question styles. They are designed to reinforce the explanations, and give you step-by-step help for solving problems.


Callouts and Notes


These commentaries provide additional explanations and encourage full understanding of mathematical principles. Notes give additional clarifications and tips.


Mathematical investigations and ICT


More problem-solving activities are provided at the end of each section to put what you've learned into practice.


Exercises


These appear throughout the text and allow you to apply what you have learned. There are plenty of routine questions covering important mathematical techniques.


Student assessments


 End-of-chapter questions to test your understanding of the key topics and help to prepare you for your examinations.


A blue line identifies content that is relevant for all students, regardless of whether they are studying the Core or Extended syllabus. A purple line identifies Extended content only. A yellow line identifies any material that lies beyond the scope of the syllabus (occasionally included because it can be helpful for students).
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Assessment


The information in this section is based on the Cambridge International syllabus. You should always refer to the appropriate syllabus document for the year of examination to confirm the details and for more information. The syllabus document is available on the Cambridge International website at www.cambridgeinternational.org


For Cambridge IGCSETM Mathematics you will take two papers. If you are studying the Core syllabus, you will take Paper 1 and Paper 3. If you are studying the Extended syllabus, you will take Paper 2 and Paper 4. You may use a scientific calculator only for Papers 3 and 4, Paper 1 and Paper 2 are non-calculator papers.


PaperLength


Type of questions


Paper 1 Non-calculator (Core)1 hour 30 minutesStructured and unstructured questions


Paper 2 Non-calculator (Extended) 2 hours


Structured and unstructured questions


Paper 3 Calculator (Core) 1 hour 30 minutesStructured and unstructured questions


Paper 4 Calculator (Extended)2 hours


Structured and unstructured questions


Command words


The command words that may appear in examinations are listed below. The command word used will relate to the context of the question.


Command wordWhat it means


CalculateWork out from given facts, figures or information


ConstructMake an accurate drawing


DescribeState the points of a topic / give characteristics and main features


DetermineEstablish with certainty


ExplainSet out purposes or reasons / make the relationships between things clear / say why and/or how and support with relevant evidence


Give


Produce an answer from a given source or recall/memory


Plot


Mark point(s) on a graph


Show (that)Provide structured evidence that leads to a given result


SketchMake a simple freehand drawing showing the key features


State


Express in clear terms


Work outCalculate from given facts, figures or information with or without the use of a calculator


Write


Give an answer in a specific form


Write downGive an answer without significant working


Examination techniques


Make sure you check the instructions on the question paper, the length of the paper and the number of questions you have to answer.


Allocate your time sensibly between each question. Be sure not to spend too long on some questions because this might mean you don’t have enough time to complete all of them. Make sure you show your working to show how you’ve reached your answer.
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From the authors


Mathematics comes from the Greek word meaning knowledgeor learning. Galileo Galilei (1564–1642) wrote ‘the universe cannot be read until we learn the language in which it is written. It is written in mathematicallanguage.’ Mathematics is used in science, engineering, medicine, art, finance and so on, but mathematicians have always studied the subject for pleasure. They look for patterns in nature, for fun, as a game or a puzzle.


A mathematician may find that their puzzle solving helps to solve ‘real life’ problems. But trigonometry was developed without a ‘real life’ application in mind, before it was then applied to navigation and many other things. The algebra of curves was not ‘invented’ to send a rocket to Jupiter.


The study of mathematics is across all lands and cultures. A mathematician in Africa may be working with another in Japan to extend work done by a Brazilian in the USA. 


People in all cultures have tried to understand the world around them, and mathematics has been a common way of furthering that understanding, even in cultures which have left no written records.


Each topic in this textbook has an introduction which tries to show how, over thousands of years, mathematical ideas have been passed from one culture to another. So when you are studying from this textbook, remember that you are following in the footsteps of earlier mathematicians who were excited by the discoveries they had made. These discoveries changed our world.


You may find some of the questions in this book difficult. It is easy when this happens to ask the teacher for help. Remember though that mathematics is intended to stretch the mind. If you are trying to get physically fit you do not stop as soon as things get hard. It is the same with mental fitness. Think logically. Try harder. In the end you are responsible for your own learning. Teachers and textbooks can only guide you. Be confident that you can solve that difficult problem.


Ric Pimentel


Terry Wall


Frankie Pimentel
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Learig bjective


E1.1 Types of number


Identify and use:●natural numbers●integers (positive, zero and negative)


●primenumbers●squarenumbers●cube numbers●common factors●common multiples●rational and irrationalnumbers●reciprocals.


E1.2 Sets


Understand and use set language, notation and Venn diagrams to describe sets and represent relationships between sets.


E1.3 Powers and roots


Calculate with the following:●squares●squareroots●cubes●cube roots●other powersand roots of numbers.


E1.4 Fractions, decimals and percentages1 Use the language and notation of the following in appropriate contexts:●proper fractions●improper fractions●mixed numbers●decimals●percentages.


2 Recognise equivalence and convert between these forms.


E1.5 Ordering


Order quantities by magnitude and demonstrate familiarity with the symbols =, ≠, >, <, and.


E1.6 The four operations


Use the four operations for calculations with integers, fractions and decimals, including correct ordering of operations and use of brackets.


E1.7 Indices I1Understandand use indices (positive, zero, negativeand fractional).


2Understandand use the rules of indices.


TOPIC 1



Number


Contents


Chapter 1  Number and language (E1.1, E1.3)


Chapter 2  Accuracy (E1.9, E1.10)


Chapter 3  Calculations and order (E1.5, E1.6)


Chapter 4  Integers, fractions, decimals and percentages (E1.4, E1.6)Chapter 5  Further percentages (E1.13)


Chapter 6  Ratio and proportion (E1.11, E1.12)


Chapter 7  Indices, standard form and surds (E1.7, E1.8, E1.18, E2.4)Chapter 8  Money and finance (E1.13, E1.14, E1.16, E1.17)


Chapter 9  Time (E1.14, E1.15)


Chapter 10  Set notation and Venn diagrams (E1.2)
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Hindu mathematicians


In 1300bce a Hindu teacher named Laghada used geometry and trigonometry forhis astronomical calculations. At around this time, other Indian mathematicians solved quadratic and simultaneous equations.


 


Much later in about 500ce, another Indian teacher, Aryabhata, worked on approximations forπ (pi), and worked on the trigonometry of the sphere. He realised that not only did the planets go around the Sun but also that their paths were elliptical.


Brahmagupta, a Hindu, was the first to treat zero as a number in its own right. This helped to develop the decimal system of numbers.


One of the greatest mathematicians of all time was Bhascara, who, in the twelfthcentury, worked in algebra and trigonometry. He discovered that sin (A + B) = sinAcosB + cosAsinB. His work was taken to Arabia and later to Europe.


 


Still alive today is the Indian woman mathematician Raman Parimala (born in 1948). Her work is famous in the fields of algebra and its connections with algebraic geometry and number theory.


A statue of Aryabhata (476−550)


E1.8 Standard form1 Use the standard form A× 10nwheren is a positive or negative integer, and 1  A <10.


2 Convert numbers into and out of standard form. 3 Calculate with values in standard form. 


E1.9 Estimation1 Round values to a specified degree of accuracy. 2Makeestimates for calculationsinvolvingnumbers, quantities and measurements. 


3 Round answers to a reasonable degree of accuracy in the context of a given problem.


E1.10 Limits of accuracy1 Give upper and lower bounds for data rounded to a specified accuracy. 


2 Find upper and lower bounds of the results of calculations which have used data rounded to a specified accuracy.


E1.11 Ratio and proportion


 Understand and use ratio and proportion, including:  ● giving ratios in simplest form ● dividing a quantity in a given ratio ● using proportional reasoning and ratios in context.


E1.12 Rates1 Use common measures of rate. 2 Apply other measures of rate. 3Solve problems involving average speed.


E1.13 Percentages1 Calculate a given percentage of a quantity. 2 Express one quantity as a percentage of another. 3 Calculate percentage increase or decrease. 4 Calculate with simple and compound interest. 5 Calculate using reverse percentages. 


E1.14 Using a calculator1 Use a calculator efficiently. 2 Enter values appropriately on a calculator. 3 Interpret the calculator display appropriately. 


E1.15 Time1Calculationsinvolving time:seconds (s),minutes(min), hours (h), days, weeks, months, years, including the relationship between units. 


2 Calculate times in terms of the 24-hour and  12-hour clock.


3 Read clocks and timetables. 


E1.16 Money1 Calculate with money. 2 Convert from one currency to another. 


E1.17 Exponential growth and decay


Use exponential growth and decay.


E1.18 Surds1Understand anduse surds, including simplifyingexpressions. 


2 Rationalise the denominator. 
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Vocabulary for sets of numbers


A square can be classified in many different ways. It is a quadrilateral but it is also a polygon and a two-dimensional shape. Just as shapes can be classified in many ways, so can numbers. Below is a description of some of the more common types of numbers.


Natural numbers


A child learns to count ‘one, two, three, four, …’. These are sometimes called the counting numbers or whole numbers.


The child will say ‘I am three’, or ‘I live at number 73’.


If we include the number 0, then we have the set of numbers called the natural numbers. 


The set of natural numbers is {0, 1, 2, 3, 4, …}.


Integers


On a cold day, the temperature may be 4 °C at 10 p.m. If the temperature drops by a further 6 °C, then the temperature is ‘below zero’; it is −2 °C.


If you are overdrawn at the bank by $200, this might be shown on a bank statement as −$200.


The set of integers is {…, −3, −2, −1, 0, 1, 2, 3, …}.


Integers therefore are an extension of natural numbers. Every natural number is an integer.


Reciprocal


The reciprocal of a number is obtained when 1 is divided by that number. The reciprocal of 5 is 15, the reciprocal of 25 is 12which 


5


simplifies to 52.


1 Write the reciprocal of each of the following:a 18b 712


d112


e3 34


c


 


35


f6


Exercise 1.1


Numberandlanguage


1



You should learn how to convert between values expressed in numbers andvalues expressed in words. For example, 12 014 is twelve thousand and fourteen; 1 745233 is one million, seven hundred and forty-five thousand, two hundred and 


thirty-three.
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Prime factors
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Square numbers


The number 1 can be written as 1 × 1 or 12. This can be read as ‘1 squared’ or ‘1 raised to the powerof2’.


The number 4 can be written as 2 × 2 or 22.


9 can be written as 3 × 3 or 32.


16 can be written as 4 × 4 or 42.


When an integer (whole number) is multiplied by itself, the result is a square number. In the examples above, 1, 4, 9 and 16 are all square numbers.


Cube numbers


The number 1 can be written as 1 × 1 × 1 or 13. This can be read as  ‘1 cubed’ or ‘1 raised to the power of 3’.


The number 8 can be written as 2 × 2 × 2 or 23.


27 can be written as 3 × 3 × 3 or 33.


64 can be written as 4 × 4 × 4 or 43.


When an integer is multiplied by itself and then by itself again, the result is a cube number. In the examples above 1, 8, 27 and 64 are all cube numbers.


Factors


The factors of 12 are all the numbers which will divide exactly into 12, i.e. 1, 2, 3, 4, 6 and 12.


1 List all the factors of the following numbers:a6f36b9g35c7h25


d15i42


e24j100


Prime numbers


A prime number is one whose only factors are 1 and itself. (Note: 1 is not a prime number.)


Prime factors


The factors of 12 are 1, 2, 3, 4, 6 and 12.


Of these, 2 and 3 are primenumbers, so 2 and 3are the prime factorsof 12.


Exercise 1.2
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1 In a 10 by 10 square, write the numbers 1 to 100. Cross out number 1. Cross out all the even numbers after 2 (these have 2 as a factor). Cross out every third number after 3 (these have 3 as a factor). Continue with 5, 7, 11 and 13, then list all the prime numbers less  than 100.


2 List the prime factors of the following numbers:a15f13b18g33c24h35di


1670


e20j56


An easy way to find prime factors is to divide by the prime numbers in order,smallestfirst.


Worked examples


a Find the prime factors of 18 and express it as a product of prime numbers:


18


29


33


31


18 = 2 × 3 × 3 or 2 × 32


b Find the prime factors of 24 and express it as a product of prime numbers:


24


212


26


23


31


24 = 2 × 2 × 2 × 3 or 23 × 3


c Find the prime factors of 75 and express it as a product of prime numbers:


75


325


55


51


75 = 3 × 5 × 5 or 3 × 52


Exercise 1.3
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1 Find the prime factors of the following numbers and express them as a product of prime numbers:a12f56b32g45c36h39d40i231e44j63


Highest common factor


The factors of 12 can be listed as 1, 2, 3, 4, 6, 12.


The factors of 18 can be listed as 1, 2, 3, 6, 9, 18.


As can be seen, the factors 1, 2, 3 and 6 are common to both numbers. They are known as common factors. As 6 is the largest of the common factors, it is called the highest common factor (HCF) of 12 and 18.


The prime factors of 12 are ××223


.


The prime factors of 18 are ××23


3.


So the highest common factor can be seen by inspection to be ×23


, i.e. 6.


Multiples


Multiples of 2 are 2, 4, 6, 8, 10, etc.


Multiples of 3 are 3, 6, 9, 12, 15, etc.The numbers 6, 12, 18, 24, etc., are common multiples as these appear in both lists.The lowest common multiple (LCM) of 2 and 3 is 6, since 6 is the smallest number divisible by 2 and 3.


The LCM of 3 and 5 is 15.


The LCM of 6 and 10 is 30.


1 Find the HCF of the following numbers:a 8, 12d15, 21, 27g 32, 56, 72j60, 144b10, 25e 36, 63, 108h39, 52


c 12, 18, 24f22, 110i 34, 51, 68


2Find the LCM ofthe following:a6, 14e 6, 8, 20i 6, 10, 16b 4, 15f 3, 5, 7j 25, 40, 100


c 2, 7, 10g 4, 5, 10


d 3, 9, 10h 3, 7, 11


Exercise 1.4


Exercise 1.5
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Rational and irrational numbers


A rationalnumber is any number which can be expressed as a fraction. Examples of some rational numbers and how they can be expressed as a fraction are shown below:


0.2 = 150.3 = 3107 = 711.53 = 153100


 


.


0.2 = 29


An irrational number cannot be expressed as a fraction. Examples of irrationalnumbers include:


2,  5,  6 − 3,  πIn summary:


Rational numbers include:»whole numbers,»fractions,»recurring decimals,» terminating decimals.


Irrationalnumbers include:»the square root of any number other than square numbers,» a decimal which does not repeat or terminate (e.g. π).


Real numbers


The set of rational and irrational numbers together form the set of real numbers.


1 State whether each number below is rational or irrational:a1.3b0.6˙c 3


d −235


g 7


e 25


h0.625


f 8


3


i0.1


1


2 State whether each number below is rational or irrational:a 2 × 3b 2 + 3c(2


d 


82


e


 


25220


 × 3)2


f4 + (9 −4)


3 In each of the following, decide whether the quantity required is rational or irrational. Give reasons for your answer.a b 


3 cm


4 cm


4 cm


A recurring decimal is one which repeats itself and has no end, e.g. 


1.333 33333...


A terminating decimal is one which has an end point, e.g. 5.2 or 


0.45


Exercise 1.6


The length of the  diagonal


The circumference of the circle
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c 


72 cm


d


 


1


π


Square roots


The square shown contains 16 squares. It has sides of length 4 units.


So the square root of 16 is 4.


This can be written as 16 =4.


Note that 4 × 4 is 16 so 4 is the square root of 16. 


However,−4 × −4 is also 16 so −4 is also the square root of 16.


By convention, 16 means ‘the positive square root of 16’ so


16 = 4 but the square root of 16 is ±4, i.e. +4 or −4.


Note: −16 has no square root since any integer squared is positive.


1Find the following:a 25e 121i 0.09


b 9f 169j 0.25


c 49g 0.01


d 100h 0.04


2 Use the  key on your calculator to check your answers to Question 1.


3 Calculate the following:


a


 


19


e 


1100


i 279


b 


116


f 


49


j 614


c 1


25


g 9


100


d 1


49


h 


49


81


Using a graph


1 Copy and complete the table below for the equation yx=.


x0149162536496481100


y


 Plot the graph of


 yx=. 


 Use your graph to find the approximate values of the following:


a 35b 45c 55d 60e 2


The side length of the square


The area of the circle


Exercise 1.7


Exercise 1.8
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2 Check your answers to Question 1 above by using the key onyour calculator.


Cube roots


The cube shown has sides of 2 units and occupies 8 cubic units of space. (That is, 2 × 2 ×2.)


So the cube root of 8 is 2.


This can be written as 82


3=


.


3 is read as ‘the cube root of … ’.


643 is 4, since 4 × 4 × 4 =64.Note that 643 is not −4 


since−4 × −4 × −4 = −64 


but 


643− is −4.


1 Find the following cube roots:


a 8


3


e 0.027


3


i 8


3−


b 125


3


f 216


3


j 27


3−


c 27


3


g 1000


3


k 1000


3−


d 0.001


3


h 10000003


l 1


3−


Further powers and roots


We have seen that the square of a number is the same as raising that number to the power of 2. For example, the square of 5 is written as 52 and means 5 × 5. Similarly, the cube of a number is the same as raising that number to the power of 3. For example, the cube of 5 is written as 53 and means 5 × 5 ×5. 


Numbers can be raised by other powers too. Therefore, 5 raised to the power of 6 can be written as 56 and means 5 × 5 × 5 × 5 × 5 × 5. 


You will find a button on your calculator to help you to do this. On most calculators, it will look like yx.


We have also seen that the square root of a number can be written using the  symbol. Therefore, the square root of 16 is written as 16and is 4, because 4 × 4 =16.


 


The cube root of a number can be written using the 3symbol. Therefore, the cube root of 27 is written as 273 and is 3, because  


3 × 3 × 3 =27.


Exercise 1.8 (cont)


Exercise 1.9
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Numbers can be rooted by other values as well. The fourth root of a number can be written using the symbol 4. Therefore the fourth root of 625 can be expressed as 6254 and is 5, because 5 × 5 × 5 × 5 =625.


You will find a button on your calculator to help you to calculate with  roots. On most calculators, it will look like yx.


1 Work out the following:a64d0.16 ÷ 0.014


g ()24353


j ×26


164


7


b35 + 24e 24014


h ()3699


k 54


4


 


c(34)2f 2568


i 


×217


4


l ()59049102


Exercise 1.10


Directed numbers


⫺20⫺15⫺10⫺5051520


10


Worked example


The diagram above shows the scale of a thermometer. The temperature at 04 00 was −3 °C. By 09 00 the temperature had risen by 8 °C. What was the temperature at 09 00?


−3 + 8 = 5, so the temperature is 5°C.


1 The highest temperature ever recorded was in Libya. It was 58 °C. The lowest temperature ever recorded was −88 °C in Antarctica. What is the temperature difference?


2 Ms Okoro’s bank account shows a positive amount of $105. Describe the amount in her account as a positive or negative number after each of these transactions is made in sequence:arent $140c 1 week’s salary $230e credit transfer $250b car insurance $283d food bill $72


3 The roof of an apartment block is 130 m above ground level. The car park beneath the apartment is 35 m below ground level. How high is the roof above the floor of the car park?


4 A submarine is at a depth of 165 m. If the ocean floor is 860 m from the surface, how far is the submarine from the ocean floor?


Exercise 1.11
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Student assessment 1


1 State whether the following numbers are rational or irrational: a1.5d ..0.73b 7e c .0.7f π


121


2 Show, by expressing them as fractions or whole numbers, that the following numbers are rational: a0.625b 273c0.44


3Find the value of:a92c0.22


b152d0.72


4Calculate:a3.52


b4.12


c0.152


5 Without using a calculator, find:a 225b 0.01


d 


925


e 549


c 0.81


f 22349


6 Without using a calculator, find:a43b(0.1)


3


c ()233


7 Without using a calculator, find:a 273b 10000003


c 


64


1253


8 Toby's bank statement for seven days in October is shown below:


DatePayments ($)Receipts($)Balance ($)


01/10


200


02/10284


(a)


03/10


175


(b)


04/10(c)


46


05/10


(d)


120


06/10163


(e)


07/10


28


(f)


 


Copy and complete the statement by entering the amounts (a) to (f).


9 Using a calculator if necessary, work out:a26 ÷ 28b 46456×


c 814×


43








[image: background image]



13


Approximation


In many instances exact numbers are not necessary or even desirable. In those circumstances approximations are given. Approximations can take several forms; the most common forms are dealt with below.


Rounding


If 28 617 people attend a gymnastics competition, this figure can be reported to various levels of accuracy.


To the nearest 10 000 this figure would be rounded up to 30 000.


To the nearest 1000 the figure would be rounded up to 29 000.


To the nearest 100 the figure would be rounded down to 28 600.


In this type of situation, it is unlikely that the exact number would be reported. 


Note: If a number falls exactly half-way, then it is rounded up. For example, rounding 16 500 to the nearest thousand can be visualised as follows:


16 00016


 50017


 000


16 000 and 17 000 are the numbers in thousands either side of 16 500. As 16 500 falls exactly half-way, it gets rounded up to 17 000 if the answer is wanted to the nearest thousand.


1 Round the following numbers to the nearest 1000:a68 786d4020b74 245e99 500


c89 000f999 999


2 Round the following numbers to the nearest 100:a78 540d8084b6858e950


c14 099f2984


3 Round the following numbers to the nearest 10:a485d83b692e4


c8847f997


Decimal places


A number can also be approximated to a given number of decimal places (d.p.). This refers to the number of digits written after a decimal point.


Exercise 2.1


Accuracy


2
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Worked examples


a Write 7.864 to 1 d.p.


  The answer needs to be written with one digit after the decimal point. 


However, to do this, the second digit after the decimal point also needs to be considered. If it is 5 or more, then the first digit is rounded up.


 i.e. 7.864 is written as 7.9 to 1 d.p.


b Write 5.574 to 2 d.p.


 The answer here is to be given with two digits after the decimal point. 


In this case, the third digit after the decimal point needs to be considered. As the third digit after the decimal point is less than 5, the second digit is not rounded up.


 i.e. 5.574 is written as 5.57 to 2 d.p.


1 Give the following to 1 d.p.a5.58d157.39g2.95beh


0.734.040.98


c11.86f15.045i12.049


2 Give the following to 2 d.p.a6.473d0.088g99.996beh


9.5870.0140.0048


c16.476f9.3048i3.0037


Significant figures


Numbers can also be approximated to a given number of significantfigures (s.f.). In the number 43.25 the 4 is the most significant figure as it has a value of 40. In contrast, the 5 is the least significant as it only has a value of 5 hundredths.


Worked examples


a Write 43.25 to 3 s.f.


 Only the three most significant digits are written in the answer; however, 


the fourth digit needs to be considered to see whether the third digit is to be rounded up or not.


 i.e. 43.25 is written as 43.3 to 3 s.f.


b Write 0.0043 to 1 s.f.


 In this example only two digits have any significance, the 4 and the 3. The 


4 is the most significant and therefore is the only one of the two digits to be written in the answer.


 i.e. 0.0043 is written as 0.004 to 1 s.f.


Exercise 2.2
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1 Write the following to the number of significant figures written in brackets:a 48 599 (1 s.f.)d 7538 (2 s.f.)g 990 (1 s.f.)b 48 599 (3 s.f.)e 483.7 (1 s.f.)h 2045 (2 s.f.)c 6841 (1 s.f.)f 2.5728 (3 s.f.)i 14.952 (3 s.f.)


2 Write the following to the number of significant figures written in brackets:a 0.085 62 (1 s.f.)d 0.954 (1 s.f.)g 0.003 05 (2 s.f.)b 0.5932 (1 s.f.)e 0.954 (2 s.f.)h 0.009 73 (2 s.f.)c 0.942 (2 s.f.)f 0.003 05 (1 s.f.)i 0.009 73 (1 s.f.)


Appropriate accuracy


In many instances calculations carried out using a calculator produce answers which are not whole numbers. A calculator will give the answer to as many decimal places as will fit on its screen. In most cases this degree of accuracy is neither desirable nor necessary. Unless specifically asked for, answers should not be given to more than two decimal places. Indeed, one decimal place is usually sufficient. Alternatively, giving an answer correct to three significant figures is also considered an appropriate degree of accuracy.


Worked example


Calculate 4.64 ÷ 2.3, giving your answer to an appropriate degree of accuracy.


The calculator will give the answer to 4.64 ÷ 2.3 as 2.0173913.


However, the answer given to 1 d.p. is sufficient.


Therefore 4.64 ÷ 2.3 =2.0 (1d.p.).


Estimating answers to calculations


Even though many calculations can be done quickly and effectively on a calculator, often an estimate for an answer, done without using a calculator, can be a useful check. Estimating an answer is done by rounding each of the numbers in such a way that the mental calculation becomes relatively straightforward.


Worked examples


a Estimate the answer to 57 ×246.


Here are twopossibilities:i60 × 200 =12 000,ii50 × 250 =12 500.


b Estimate the answer to 6386 ÷27.6000÷ 30 =200.


Exercise 2.3
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c Estimate the answer to 12048.


3×


As 125


5,1205=≈


33


Therefore ≈250.


×≈×120485503


 


d Estimate the answer to ×26005


8


4


 


 An approximate answer can be calculated using the knowledge that 2


5 = 32 and 62554=


Therefore 


≈≈26008 8


≈


××3054


20.8


 150


5


1 Calculate the following, giving your answer to an appropriate degree of accuracy:a23.456 ×17.89d76.24 ÷3.2b0.4 ×12.62e7.62c18 ×9.24f16.423


g ×2.33.37


4


h 


8.312.02


i9.2 ÷ 42


2 Without using a calculator, estimate the answers to the following:a62 ×19d4950 ×28b270 ×12e0.8 ×0.95c55 ×60f0.184 ×475


3 Without using a calculator, estimate the answers to the following:a3946÷18d5520÷13b8287÷42e48 ÷0.12c906÷27f610 ÷0.22


4 Without using a calculator, estimate the answers to the following:a78.45+51.02b168.3 −87.09c2.93 ×3.14


d84.2 ÷19.5


g ×78  3


653


e ×4.3752


15.6


h 


×


38  6


99004


3


f 


(9.8)(2.2)


32


i ×24  4


264


 


5 Using estimation, identify which of the following are definitely incorrect. Explain your reasoning clearly.a95 ×212 =20140c689 ×413=28 457b44×17 =748d142656 ÷ 8 =17 832


e77.9× 22.6 =2512.54


f =


×8.42460.2


19366


6 Estimate the area of the shaded areas of the following shapes. Do not work out an exact answer.a 17.2 m


6.2 m


Note


≈ meansapproximatelyequal to.


Exercise 2.4
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b 


9.7 m


4.8 m


3.1 m


2.6 m


c 


28.8 cm


16.3 cm


11 cm


4.4 cm


7 Estimate the volume of each of the solids below. Do not work out an exact answer.


a


 


10.5 cm


9 cm


2.2 cm


b 


38 cm


5.4 cm


19 cm


c 


20 cm


24 cm


11 cm


4


 


cm


4 cm
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Upper and lower bounds


Numbers can be written to different degrees of accuracy. For example, although 4.5, 4.50 and 4.500 appear to represent the same number, they do not. This is because they are written to different degrees of accuracy.


4.5 is rounded to one decimal place and therefore any number from 4.45 up to but not including 4.55 would be rounded to 4.5. On a number line, this would be represented as:


4.44.454.54.554.6


As an inequality where x represents the number it would be expressed as:


4.45  x <4.55


4.45 is known as the lower bound of 4.5, while 4.55 is known as the upper bound.Note that  implies that the number is not included in the solution while  implies that the number is included in the solution.


4.50 on the other hand is written to two decimal places and therefore only numbers from 4.495 up to but not including 4.505 would be rounded to 4.50. This therefore represents a much smaller range of numbers than when it is rounded to 4.5. Similarly, the range of numbers being rounded to 4.500 would be even smaller.


Worked example


A girl’s height is given as 162 cm to the nearest centimetre.


a Work out the lower and upper bounds within which herheightcanlie.Lower bound =161.5 cm


Upper bound =162.5 cm


b Represent this range of numbers on a number line.


 


162


161163


161.5


162.5


c If the girl’s height is h cm, express this range as an inequality.


161.5  h <162.5








[image: background image]



Calculating with upper and lower bounds


19


1 Each of the following numbers is expressed to the nearest whole number.i Give the upper and lower bounds of each.iiUsingx as the number, express the range in which the number lies as an inequality.a6d1000b83e100c152


2 Each of the following numbers is correct to one decimal place.i Give the upper and lower bounds of each.iiUsingx as the number, express the range in which the number lies as an inequality.a3.8d10.0b15.6e0.3c1.0


3 Each of the following numbers is correct to two significant figures.i Give the upper and lower bounds of each.iiUsingx as the number, express the range in which the number lies as an inequality. a4.2d5000b0.84e0.045c420f25 000


4 The mass of a sack of vegetables is given as 5.4 kg.a Illustrate the lower and upper bounds of the mass on a number line.bUsingM kg for the mass, express the range of values in which M must lie as an inequality.


5 At a school sports day, the winning time for the 100 m race was given as 11.8seconds.a Illustrate the lower and upper bounds of the winning time on a number line.


bUsingT seconds for the time, express the range of values in which T must lie as an inequality.


6 The capacity of a swimming pool is given as 620 m3 correct to two significant figures.a Calculate the lower and upper bounds of the pool’s capacity.bUsingx cubic metres for the capacity, express the range of values in which x must lie as an inequality.


7 Hadiza is a surveyor. She measures the dimensions of a rectangular field to the nearest 10 m. The length is recorded as 630 m and the width is recorded as 400 m.a Calculate the lower and upper bounds of the length.bUsingW metres for the width, express the range of values in which 


W must lie as an inequality.


Calculating with upper and lower bounds


When numbers are written to a specific degree of accuracy, calculations involving those numbers also give a range of possible answers.


Exercise 2.5
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Worked examples


a Calculate the upper and lower bounds for the following calculation, given that each number is given to the nearest whole number.


34 ×65


 34 lies in the range 33.5 


 x <34.5.


 65 lies in the range 64.5 


 x <65.5.


 The lower bound of the calculation is obtained by multiplying together 


the two lower bounds. Therefore the minimum product is 33.5 ×64.5,i.e. 2160.75.


 The upper bound of the calculation is obtained by multiplying together 


the two upper bounds. Therefore the maximum product is 34.5 ×65.5,i.e. 2259.75.


b Calculate the upper and lower bounds to 33.5


22.0 given that each of the 


numbers is accurate to 1 d.p.


 33.5 lies in the range 33.45 


 x <33.55.


 22.0 lies in the range 21.95 


 x <22.05.


 The lower bound of the calculation is obtained by dividing the lower bound 


of the numerator by the upper bound of the denominator. So the minimum value is 33.45 ÷ 22.05, i.e. 1.52 (2 d.p.).


 The upper bound of the calculation is obtained by dividing the upper 


bound of the numerator by the lower bound of the denominator. So the maximum value is 33.55 ÷ 21.95, i.e. 1.53 (2 d.p.).


1 Calculate the lower and upper bounds for the following calculations, if each of the numbers is given to the nearest whole number.a14 ×20b135 ×25c100 ×50


d 


4010


g ×1265


16


j44


 


32


e 


3311


h 


×


1012869


k ×5781722


f


 


125


15


i


 


×


2507


100


l ×+10004(38)


2 Calculate the lower and upper bounds for the following calculations, if each of the numbers is given to 1 d.p.a2.1 +4.7 d17.6 −4.2b6.3×4.8e +8.53.6c10.0 ×14.9f 7.7–6.2


g −16.4(3.00.3)


2


2


6.8


h −100.0(50.040.0)2


3.5


i(0.1 −0.2)2


3 Calculate the lower and upper bounds for the following calculations, if each of the numbers is given to 2 s.f.a64 ×320b1.7×0.65c4800×240


d 


54000600


g


 


×


6.842120


e 


4.20.031


h ×200(4.56.0)


f


 


200


5.2


i −180(7.34.5)


Exercise 2.6
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1 The masses to the nearest 0.5 kg of two parcels are 1.5 kg and 2.5 kg. Calculate the lower and upper bounds of their combined mass.


2 Calculate the upper and lower bounds for the perimeter of the rectangle shown (below), if its dimensions are correct to 1 d.p.


6.8 cm


4.2 cm


3 Calculate the upper and lower bounds for the perimeter of the rectangle shown (below), whose dimensions are accurate to 2 d.p.


4.86 m


2.00 m


4 Calculate the upper and lower bounds for the area of the rectangle shown (below), if its dimensions are accurate to 1 d.p. 


10.0 cm


7.5 cm


5 Calculate the upper and lower bounds for the area of the rectangle shown (below), whose dimensions are correct to 2 s.f.


600 m


120 m


6 Calculate the upper and lower bounds for the length marked x cm in the rectangle (below). The area and length are both given to 1 d.p. 


x cm


4.2 cm


Area = 55.8 cm2


7 Calculate the upper and lower bounds for the length marked x cm in the rectangle (below). The area and length are both accurate to 2 s.f.


x cm


20cm


Area = 400 cm2


Exercise 2.7 
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8 The radius of the circle shown (below) is given to 1 d.p. Calculate the upper and lower boundsof:athe circumference,bthe area.


8.5 cm


9 The area of the circle shown (below) is given to 2 s.f. Calculate the upper and lower boundsof:athe radius,bthe circumference.


Area cm2


 400


10 The mass of a cube of side 2 cm is given as 100 g. The side is accurate to the nearest millimetre and the mass accurate to the nearest gram. Calculate the maximum and minimum possible values for the density of the material (density = mass ÷volume).


11 The distance to the nearest 100 000 km from Earth to the Moon is given as 400 000 km. The average speed to the nearest 500 km/h of a rocket to the Moon is given as 3500 km/h. Calculate the greatest and least time it could take the rocket to reach the Moon.


Exercise 2.7 (cont)


Student assessment 1


1 Round the following numbers to the degree of accuracy shown in brackets:a 2841 (nearest 100)c 48 756 (nearest 1000)b 7096 (nearest 10)d 951 (nearest 100)


2 Round the following numbers to the number of decimal places showninbrackets:a 3.84 (1 d.p.)c 0.8506 (2 d.p.)e9.954 (1d.p.)b 6.792 (1 d.p.)d 1.5849 (2 d.p.)f0.0077 (3 d.p.)


3 Round the following numbers to the number of significant figures showninbrackets:a 3.84 (1 s.f.)c 0.7065 (1 s.f.)e 834.97 (2 s.f.)g 62.4899 (5 s.f.)b6.792 (2 s.f.)d 9.624 (1 s.f.)f 0.00451 (1 s.f.)h 0.9997 (3 s.f.)
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Student assessment 2


1 The following numbers are expressed to the nearest whole number. Illustrate on a number line the range in which each must lie.a7b40c300d2000


2 The following numbers are expressed correct to two significant figures. Representing each number by the letter x, express the range in which each must lie, using an inequality.a210b64c3.0d0.88


3 Some students measure the dimensions of their school's rectangular playing field to the nearest metre. The length was recorded as 350 m and the width as 200 m. Express the range in which the length and width lie using inequalities.


4 A boy’s mass was measured to the nearest 0.1 kg. If his mass was recorded as 58.9 kg, illustrate on a number line the range within which it must lie.


5 An electronic clock is accurate to 


1


1000 of a second. The duration of 


a flash from a camera is timed at 0.004 seconds. Express the upper and lower bounds of the duration of the flash using inequalities.


6 The following numbers are rounded to the degree of accuracy shown in brackets. Express the lower and upper bounds of these numbers as an inequality.a x = 4.83 (2 d.p.)b y = 5.05 (2 d.p.)c z = 10.0 (1 d.p.)d p = 100.00 (2 d.p.)


4 1 mile is 1760 yards. Estimate the number of yards in 11.5 miles.


5 Estimate the shaded area of the figure below:


8.9 m


5.6 m


2.3 m


4.8 m


6 Estimate the answers to the following.  Do not work out an exact answer.


a ×5.311.2


2.1


b 


(9.8)(4.7)


22


c 


×


×18.8(7.1)(3.1)(4.9)222


7 A cuboid’s dimensions are given as 12.32 cm by 1.8 cm by 4.16 cm. Calculate its volume, giving your answer to an appropriate degree of accuracy.
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Student assessment 3


1 Five animals have a mass, given to the nearest 10 kg, of: 40 kg, 50 kg, 50 kg, 60 kg and 80 kg. Calculate the least possible total mass.


2 A water tank measures 30 cm by 50 cm by 20 cm. If each of these measurements is given to the nearest centimetre, calculate the largest possible volume of the tank.


3 The volume of a cube is given as 125 cm3 to the nearest whole number.a Express as an inequality the upper and lower bounds of the cube’s volume.


b Express as an inequality the upper and lower bounds of the length of each of the cube’s edges.


4 The radius of a circle is given as 4.00 cm to 2 d.p. Express as an inequality the upper and lower bounds for:a the circumference of the circle,bthe area of the circle.


5 A cylindrical water tank has a volume of 6000 cm3 correct to 1 s.f.  A full cup of water from the tank has a volume of 300 cm3 correct to 2 s.f. Calculate the maximum number of full cups of water that can be drawn from the tank.


6 A match measures 5 cm to the nearest centimetre. 100 matches end to end measure 5.43 m correct to 3 s.f.a Calculate the upper and lower limits of the length of one match.b How can the limits of the length of a match be found to 2 d.p.?
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Calculationsandorder


3



Ordering


The following symbols have a specific meaning in mathematics:


= is equal to


≠ is not equal to> is greater than is greater than or equal to< is less than is less than or equal to


x  3 implies that x is greater than or equal to 3, i.e. x can be 3, 4, 4.2, 5, 5.6, etc.


3  x implies that 3 is less than or equal to x, i.e. x is still 3, 4, 4.2, 5, 5.6, etc.


Therefore:


5 > x can be rewritten as x < 5, i.e. x can be 4, 3.2, 3, 2.8, 2, 1, etc.


−7  x can be rewritten as x  −7, i.e. x can be −7, −6, −5, etc.


These inequalities can also be represented on a number line:


2


x < 53


5


4


–7


x 艌–7–6


–4


–5


Note that  implies that the number is not included in the solution while  implies that the number is included in the solution.


Worked examples


a The maximum number of players from one football team allowed on the pitch at any one time is eleven. Represent this information:i as an inequality,ii on a number line.


i Let the number of players be represented by the letter n. n must be less than or equal to 11. Therefore n 11.


ii


 


8


11


10


9
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b The maximum number of players from one football team allowed on the pitch at any one time is eleven. The minimum allowed is seven players. Represent this information:i as an inequality,ii on a number line.i Let the number of players be represented by the letter n. n must be greater than or equal to 7, but less than or equal to 11.Therefore 7  n 11.


ii 7118109


1 Copy each of the following statements, and insert one of the symbols  =, >, < into the space to make the statement correct:a7 × 2 ... 8 + 7c5 × 10 ... 72e1000 litres ... 1m3b62 ... 9 × 4d80 cm ... 1mf48 ÷ 6 ... 54 ÷ 9


2 Represent each of the following inequalities on a number line, where xis a real number:a x < 2c x  −4e2 < x < 5g −2  x < 2b x  3d x  −2f −3 < x < 0h2  x  −1


 


3 Write down the inequalities which correspond to the following number lines:a 


 0


4


3


2


1


b 


 04


3


2


1


c 


 0


4


3


2


1


d 40123


4 Write the following sentences using inequality signs:a The maximum capacity of an athletics stadium is 20 000 people.b In a class, the tallest student is 180 cm and the shortest is 135 cm.c Five times a number plus 3 is less than 20.d The maximum temperature in May was 25 °C.e A farmer has between 350 and 400 apples on each tree in her orchard.


f In December, temperatures in Kenya were between 11 °C and 28 °C.


1 Write the following decimals in order of magnitude, starting with the smallest: 6.0   0.6    0.66   0.606   0.06   6.6   6.606


2 Write the following fractions in order of magnitude, starting with the largest:


 


12


1


3


613


45


718


219


Exercise 3.1


Exercise 3.2
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3 Write the following lengths in order of magnitude, starting with the smallest: 2 m   60 cm   800 mm   180 cm   0.75 m


4 Write the following masses in order of magnitude, starting with the largest:


 4 kg     3500 g     


34 kg     700 g     1 kg


5 Write the following volumes in order of magnitude, starting with the smallest: 1 l   430 ml   800 cm3   120 cl   150 cm3


The order of operations


When carrying out calculations, care must be taken to ensure that they are carried out in the correct order.


Worked examples


a  Use a scientific calculator to work out the answer to the following:


2 + 3 × 4 =


 


+×=41


234


b Use a scientific calculator to work out the answer to the following:


(2 +3) × 4 =


 


+×=3)42


(20


 The reason why different answers are obtained is because, by convention, 


the operations have different priorities. These are as follows:


(1)brackets


(2)indices


(3)multiplication/division


(4)addition/subtraction.


Therefore inWorked example a 3 × 4 is evaluated first, and then the 2 is added, while in Worked example b(2 + 3) is evaluated first, followed by multiplication by 4.


c Use a scientific calculator to work out why the answer to the following is −20:−4×(8 +−3)=−20


 The (8 


+ −3) is evaluated first as it is in the brackets, the answer 5 is then multiplied by −4.


d Use a scientific calculator to work out why the answer to the following is −35:−4× 8 +−3 =−35


 The −4 


× 8 is evaluated first as it is a multiplication, the answer −32 then has −3 added to it.
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In the following questions, evaluate the answers:iin your head,ii using a scientific calculator.1 a8 × 3 + 2 b4 ÷ 2 + 8


c12 × 4 − 6 d4 + 6 × 2e10 − 6 ÷ 3 f6 − 3 × 42 a7 × 2 + 3 × 2 b12 ÷ 3 + 6 × 5c9 + 3 × 8 − 1 d36 − 9 ÷ 3 − 2e −14 × 2 −16 ÷ 2 f4 + 3 × 7 − 6 ÷ 33 a(4+ 5) × 3 b8 ×(12−4)


c3 × (−8 + −3) − 3 d(4+11)÷(7 −2)e4 × 3 ×(7 + 5) f24 ÷ 3 ÷(10 −5)


In each of the following questions:i Copy the calculation and put in any brackets which are needed to make it correct.


ii Check your answer using a scientific calculator.1 a6 × 2 + 1 =18 b1 + 3 × 5 =16c8 + 6 ÷ 2 = 7 d9 + 2 × 4 =44e9 ÷ 3 × 4 + 1 = 13 f3 + 2 × 4 − 1 =152 a12 ÷ 4 − 2 + 6 = 7 b12 ÷ 4 − 2 + 6 =12c12 ÷ 4 − 2 + 6 = −5 d12 ÷ 4 − 2 + 6 =1.5e4 + 5 × 6 − 1 =33 f4 + 5 × 6 − 1 =29g4 + 5 × 6 − 1 =53 h4 + 5 × 6 − 1 =45


It is important to use brackets when dealing with more complex calculations.


Worked examples


a Evaluate the following using a scientific calculator:


+=


129


10–3


+÷−=)(103)


(1293


b Evaluate the following using a scientific calculator:


+=


2012


42


+÷=2)422x


(201


c Evaluate the following using a scientific calculator:


9038+


43


=


+÷=8)43xy


(9032


Note: Different types of calculator have different ‘to the power of’ and ‘fraction’ buttons. It is therefore important that you get to know your calculator.


Exercise 3.3


Exercise 3.4


Your calculator may have a fraction button. It 


may look like this:
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Using a scientific calculator, evaluate the following:


1 a


 


+6


93


 


b +30–653


c 


+


40912–5


 


d +


×


+2


152


78


e 


+×+431002111 f −+×7247–2


3


2 a4–62


 


28+


 


b +3422


5


c ×6–4425


32


 


d 


+


×342


2


3412


e 


++32


335


4–28


3


 


f –23(63)43×+×


2


Exercise 3.5


Student assessment 1


1 Write the information on the following number lines as inequalities:a 


–2–1012


b –2–1012


c 


–2–1012


d –2–10122 a Illustrate each of the following inequalities on a number line:i x  3iii0 < x < 4ii x < 4iv −3  x < 1


 b


 Write down the smallest integer value which satisfies each inequality in part aabove.


3 Write the following fractions in order of magnitude, starting with the smallest:


47


314


910


12


25


In each of the following questions:a Write the calculation represented by each problem.b Work out the answer to each calculation.


1 The temperature of water in a beaker is initially 48°C. It is allowed to cool by 16°C before being heated up again. When heated up, the temperature of the water is trebled.  What is the temperature (T°C) of the water once it has been heated up?


2 A submarine is initially at a depth of 400 m below the water’s surface. It then dives a further distance so that it is at a depth double what it was initially. The submarine later climbs 620 m. Calculate the depth D (m) the submarine climbs to.


3 Luis arranges five counters in a line. He squares the number of counters, then adds a further 11 counters. Finally, he divides the number of counters equally between himself and Dari, so they each receive Ncounters. Calculate the number of counters (N) they each receive.


Exercise 3.6
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Student assessment 2


1Evaluate the following:a6 × 8 − 4d3 + 3 × 4 + 4


b3 + 5 × 2e(5 +2) × 7


c3 × 3 + 4 × 4f18 ÷ 2 ÷(5 −2)


2 Copy the following, if necessary inserting brackets to make the  statementcorrect:a7 − 4 × 2 = 6c5 + 5 × 6 − 4 =20b12 + 3 × 3 + 4 =33d5 + 5 × 6 − 4 =56


3 Evaluate the following using a calculator:


a2–342


 


2


b 7(8–3)3+×


5


Student assessment 3


1Evaluate the following:a3 × 9 − 7c3 + 4 ÷ 2 × 4e(5 +2) ÷ 7


b12 + 6 ÷ 2d6 + 3 × 4 − 5f14 × 2 ÷(9 −2)


2 Copy the following, if necessary inserting brackets to make the  statementcorrect:a7 − 5 × 3 = 6c4 + 5 × 6 − 1 =45b16 + 4 × 2 + 4 =40d1 + 5 × 6 − 6 =30


3 Using a calculator, evaluate the following:


a3–432


 


2


b 7(15–3)3+÷


2
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Fractions


A single unit can be broken into equal parts called fractions, e.g. 12,13,16.


If, for example, the unit is broken into ten equal parts and three parts are then taken, the fraction is written as 310. That is, three parts out of ten parts.


In the fraction 310:The three is called the numerator.


The ten is called the denominator.


A proper fraction has its numerator less than its denominator, e.g. 34.An improper fraction has its numerator more than its denominator, e.g. 92. 


A mixednumber is made up of a whole number and a proper fraction, e.g. 415.


Worked examples


aFind 15of 35. This means ‘divide 35 into 5 equal parts’.


 


15 of 35 is 35 ÷ 5 =7.


bFind 35of 35.


Since 15 of 35 is 7, 35 of 35 is 7 ×3.Thatis,21.


1Evaluate the following:


a 3


4of 20


e 3


11of 66


i 7


8of 240


b 45of 20


f 9


10of 80


j 45of 65


c


 


49of 45


g 57of 42


d 


58of 64


h 89of 54


Exercise 4.1


Integers,fractions,decimalsandpercentages


4
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Changing a mixed number to an improper fraction


Worked examples


aChange 358 into an improper fraction.


 


35


8


24


8


58245+


829


8


=+


=


=


b Change the improper fraction 274 into a mixed number.


 


6


27


4


243424+


4


343


4


=


=+


=


1 Change the following mixed numbers into improper fractions:


a 423


e 812


i 5411


b 335


f 957


j 767


c 578


g 649


k 4310


d 256


h 414


l 11313


2 Change the following improper fractions into mixed numbers:


a


 


29


4


b


 


33


5


c


 


41


6


d 


53


8


e49


 


9


f17


 


12


g66


 


7


h33


 


10


i19


 


2


j73


 


12


Exercise 4.2


Decimals


HTU.


110


1100


11000


3.27


0.038
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3.27 is 3 units, 2 tenths and 7 hundredths.


i.e. 3.27 3=+


210


7100


+


0.038 is 3 hundredthsand 8thousandths.


i.e. 0.038 


3100


81000


=+


Note that 2 tenths and 7 hundredths is equivalent to 27 hundredths
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