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To make your study of Cambridge Checkpoint Lower Secondary Mathematics as rewarding as possible, look out for the following features when you are using the book:These sections give some historical background to the material in the section.HistoryofmathematicsThese aims show you what you will be covering in the unit.LET’STALKTalk with a partner or a small group to decide your answer when you see this box.These show you how you could approach answering a question.Worked exampleKEYINFORMATIONThese give you hints or pointers to solving a problem or understanding a concept.These highlight ideas and things to think about.This book contains lots of activities to help you learn. The questions are divided into levels by difficulty. Green are the introductory questions, amber are more challenging and red are questions to really challenge yourself. Some of the questions will also have symbols beside them to help you answer the questions.How to use this book
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viHow to use this book Work out the answer to the following calculations. Show your working clearly and simplify your answers where possible.a +2516b 71215+c -91427d -313326e +-18516524f -+13188916 Sadiq spends 15 of his earnings on his mortgage. He saves 27 of his earnings. What fraction of his earnings is left? The numerators of two fractions are hidden as shown.8+=54023 The sum of the two fractions is 2340. Calculate the value of both numerators.123Exercise 15.2Look out for these symbols: This green star icon shows the thinking and working mathematically (TWM) questions. This is an important approach to mathematical thinking and learning that has been incorporated throughout this book. Questions involving TWM differ from the more straightforward traditional question-and-answer style of mathematical learning. Their aim is to encourage you to think more deeply about the problem involved, make connections between different areas of mathematics and articulate your thinking. This indicates where you will see how to use a calculator to solve a problem. These questions should be answered without a calculator. This tells you that content is available as audio. All audio is available to download for free from www.hoddereducation.com/cambridgeextras There is a link to digital content at the end of each unit if you are using the Boost eBook.
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viiIntroductionThis is the third of a series of three books that follow the Cambridge Lower Secondary Mathematics curriculum framework. It has been written by three experienced teachers who have lived or worked either in schools or with teachers in many countries, including England, Spain, Germany, France, Turkey, South Africa, Malaysia and the USA.Students and teachers studying this course come from a variety of cultures and speak many different languages as well as English. Sometimes cultural and language differences make understanding difficult. However, mathematics is almost a universal language. 28 +37= 65 will be understood in many countries where English is not the first language. A mathematics book written in Japanese will include algebra equations with x andy.We should also all be very aware that much of the mathematics you will learn in this series of three books was first discovered, and built upon, by mathematiciansfrom China, India, Arabia, Greece and Western European countries.Most early mathematics was simply game play and problem solving. But later this mathematics was applied to building, engineering and sciences of all kinds. Mathematicians study mathematics because they enjoy it as fun in itself. Mathematicians learn to think and work mathematically.The DNA molecule discovered by James Watson, Francis Crick, Rosalind Franklin and Raymond Gosling at Cambridge University and King’s College, London, has a mathematical structure described as a double-stranded helix. The word helix comes from the Greek meaning ‘twisted curve’ and looks similar to the shape of a corkscrew.I
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viiiIntroductionWe hope that you will enjoy the work you do and the mathematics you learn in this series of books. Sometimes the ideas will not be easy to understand at first. That should be part of the fun. Ask for help if you need it, but try hard first. Try to learn by Thinking and Working Mathematically (TWM). This is an important feature of the book. Thinking and Working Mathematically can be divided into the following characteristics:ThinkingandworkingcharacteristicDefinitionSpecialisingChoosinganexampleandcheckingifitsatisfiesordoesnotsatisfy specificmathematicalcriteria.GeneralisingRecognisinganunderlyingpatternbyidentifyingmanyexamplesthatsatisfythesamemathematicalcriteria.ConjecturingFormingmathematicalquestionsorideas.ConvincingPresentingevidencetojustifyorchallengeamathematicalideaorsolution.CharacterisingIdentifyinganddescribingthemathematicalpropertiesofanobject.ClassifyingOrganisingobjectsintogroupsaccordingtotheirmathematicalproperties.CritiquingComparingandevaluatingmathematicalideas,representationsor solutionstoidentifyadvantagesanddisadvantages.ImprovingRefiningmathematicalideasorrepresentationstodevelopamoreelegant approachorsolution.Where you see this icon  it shows you that you will be thinking and working mathematically.Writing down your thoughts and workings helps to develop your mathematical fluency. By thinking carefully about how you explain your ideas you may, while justifying an answer, be able to make wider generalisations. Discussing different methods with other students will also help you compare and evaluate your mathematical ideas. This will lead to you understand why some methods are more effective than others in given situations. Throughout you should always be forming further mathematical questions and presenting other ideas for thought.Many students start off by thinking that mathematics is just about answers. Although answers are often important, posing questions is just as important. What is certainly the case is that the more you question and understand, the more you will enjoy mathematics.The writers of this book believe that with sufficient time and hard work all students can learn to think and work mathematically.At the end of this series you, the student, should be able to think and work mathematically independently of your teacher. This will be more important as you progressinmathematics.Ric Pimentel, Frankie Pimentel and Terry Wall, 2021
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“If I were beginning my studies I would follow the advice of Plato and start with mathematics.”GalileoArithmetic explores the rules of counting. Algebra looks at the general rules of arithmetic. Geometry and trigonometry look at the general rules of shapes.Many of the great Greek mathematicians and scientists lived in, or came from, the Greek islands or from cities like Ephesus or Miletus, which are in present-day Turkey, or from Alexandria in Egypt. The people described below are some of the Greek mathematicians who lived during what was called the ‘golden age’, from 500 to 300 bce.Youmay wish to find out more about them.The construction of the most famous building in Athens, the Parthenon, required a very high level of mathematics to make it such a work of art.Thales of Alexandria discovered the 365-day calendar and worked out the dates of eclipses of the Sun and the Moon.Pythagoras of Samos, a Greek island, led a group of mathematicians and worked with geometry. The next leader was Theano, who was the first woman to be a leader in mathematics.Euclid of Alexandria formed what would now be called a university department. His book became the main textbook in schools and universities for 2000 years.Apollonius of Perga (Turkey) worked on, and gave names to, the parabola, the hyperbola and the ellipse. (Ask your teacher to draw these.)Archimedes is accepted today as possibly the greatest mathematician and scientist of all time. However, he was so far ahead of his time that others could not understand his ideas.History of mathematics – The Greeks▲EuclidofAlexandria
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l Use positive, negative and zero indices, and the index laws for multiplicationanddivision.l Understand the standard form for representing large and small numbers.Ind

i

c

e

s

RecapTheindex of a number refers to the power to which it is raised.For example, in 53 the ‘3’ is the index whilst the ‘5’ is known as the base number.53 is equivalent to 5 × 5 × 5 =125.The plural of index is indices.In Stage 8 you were introduced to the following laws regarding indices:l52 × 54 = 5 × 5 × 5 × 5 × 5 × 5 = 56(i.e.52+4) This can be written in a generalformas:am × an = am+nl 33333333333(i.e. 3)62462÷=××××××=- This can be written in a generalformas:am ÷ an = am-nl(72)3 =(7× 7) ×(7× 7) × (7×7) = 76(i.e.72×3) This can be written in a generalformas:(am)n = amnKEYINFORMATIONThese are known as the general laws of indices.1

Rememberthatthe base numbers must be the same for this rule to be true.Again, the base numbers must be the same for this rule to be true.
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31IndicesandstandardformlThezero index means that a number has been raised to the power of 0.  Any number raised to the power of 0 is equal to 1. For example:40 =1100 =1a0 = 1 This can be explained by applying the laws of indices.am ÷ an = am-nTherefoream ÷ am = am-m= a0Butam ÷ am = 1Thereforea0 = 1NegativeindicesA negative index means that a number has been raised to a negative power, for example 4-3.There are other ways of writing negative powers, as proved below.For example, 4-3 can also be written as 40-3 which, as was shown above, can be written as:40 ÷ 43or4403As 40 = 1 we can deduce that 4414033=Therefore41433=-So in general:aamm=-1This can also be demonstrated using numbers:42 = 4 × 441 = 440 = 14141=-41422=-Thisexplanationis an example of a proof.LET’STALKWhy is this explanationconsidered a proof?÷4÷4÷4÷4aaaammmm÷=andyou will know thata number divided by itself is 1.
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4SECTION11Write4-2 as a fraction.41411622==-2 Simplify the following: 7-4 × 75 × 7-3 Give your answer as a fraction.77771714945322××===---3 Work out the following: 34 × 3-6 Give your answer in positive index form.34 × 3-6 = 3-2 Although this is correct, the index is not a positive number.31322=-When multiplying, add the indices. -4 + 5 + -3 = -2WorkedexamplesWithout using a calculator, write each of these as an integer or a fraction.a2-3b5-2c3-2d4-3e2-5a4 × 4-1b9 × 3-2 c10×10-2d500 ×10-3e1000×10-2a27× 3-2b16× 2-3 c64 × 2-3d4 × 2-3e36 × 6-3a27× 3-4b16× 2-5c4 × 2-3d4 × 2-4e6 × 6-3a2-3 × 25b5-2 × 53c27 × 2-5d43 × 4-5e2-3 × 28 × 2-4 Using indices, find the value of each of these. Give your answers in positive index form.a52 × 5-3b35 × 34 c62 × 6-3 × 6d103 ÷108e54 ÷ 55f83 ÷ 83 × 8-2g104 ×10-3 ÷106h3-2 × 3 ÷ 37i43 × 4-5 ÷ 48123456Exercise1.1
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51Indicesandstandardform 12 cards are shown below.2−32−25−210−33−36−2125127136110001418 Pair each fraction with its corresponding number written using indices. A square has a side length of 13cm  asshown. Show that its area is 3-2cm2. A cube has a side length of 14cm.a Show that its volume is 2-6cm3.b Show that its total surface area is 323cm2. A right-angled triangle has dimensions as  shown. Calculate its area, giving the answer as a  fraction with a positive index. The cuboid below has dimensions as shown.18cm12cm4−1 cma Show that the volume is 2-6cm3.b Calculate the total surface area of the cuboid and give your answer in the form a × 2b, where aandbareintegers.7813cm13cm9102−1 cm4−1 cm11
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You will be quite used to describing a distance between two towns as 50 km, say, or the mass of a newborn baby as being 3.2 kg. These numbers have not got many digits and so are easy to read and understand.However, there are times when just writing the number in full does not make it clearer, in fact it makes it more difficult to understand.The distance between Earth and the Sun is 149 000 000 km  (tothreesignificantfigures).To read this number you will probably have counted the number  of zeros and, as there are six of them, have come to the conclusion that the distance is 149 million km.However, if the question is ‘How many atoms are there in a grain of sand?’,apossibleansweris330000000000000000000.This is a very large number. How is it pronounced? How many zeros are there? The number is in fact 330 quintillion.LET’STALKIs 330 000 000 000 000 000 000 an exact number? What assumptions have been made?The names for numbers bigger than ‘billions’, though, are not generally well known so a better system for describing large numbers is used.From the work on indices it is known that the following numbers can be written in index form:100=1021000=10310000 =104100000=1051000000=106etc.The distance between Earth and the Sun can therefore be written as 149×106 km. But it could also be written in many other ways, such as 14.9×107kmor 14900 ×104km.LET’STALKIf 149000000kmis given to 3 s.f. then what are themaximumandminimumdistancesbetweenEarth and the Sun?KEY INFORMATIONA quintillion is a number followed by 18 zeros.Investigate the names of other largenumbers.
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71IndicesandstandardformThe correct way of writing it is as 1.49 ×108 km. When a number is written like this it is called writing the number in standardform.In general, a number in standard form is written as a ×10nwherea must be a number greater than or equal to 1 but smaller than 10. Also,n must be an integer value.KEYINFORMATIONThe value of a can be written as an inequality as 1  a < 10.The distance between London and New York is 5585 km. a Write down the distance in standard form. 5585 = 5.585 ×103kmb Write the distance in metres, in standard form and correct to two significant figures. Converting km to m:5585km =5585000m To two significant figures this is written as 5 600 000 m. In standard form it is 5.6 ×106m.Rememberthatwith 2 s.f. you look at the third digit. If it is 5 or more, the number is roundedup.Worked exampleKEY INFORMATIONWritingusingscientificnotation is the same as writing in standard form.KEY INFORMATIONScientificcalculators will have a standard form button. Make sure you know what yours lookslike.a Classify these numbers into two groups: numbers in standard form and numbers not in standard form.4.2 ×1053.678×10212 ×103463 ×105b For those that are not written in standard form:i) explain why they are notii) rewrite them in standard form. Write each of the following numbers in standard form to two significantfigures.a7000b42100000000c55500000d120 The population of Wales in the United Kingdom is 3.1 ×106. The ratio of the population of Wales to that of China is approximately 1:450. Calculate the population of China, giving your answer in standard form.123Exercise1.2
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8SECTION1 Use a calculator to calculate the following. Leave your answers in standard form.a(3.7×105) +(4.2×104)b(8.7×109) -(6.8×104)c(1.5×105) ×(1.8×102)d(1.9×109) ÷(4.2×106) The mass of a grain of rice is on average 0.029 grams.a Calculate the approximate number of grains in a 1 kg bag of rice.b Write your answer to part (a) in standard form to 2 s.f. The following table shows the average distance of each planet in our solar system from Earth.PlanetDistancefromEarth(km)Mercury91.7millionVenus41.4millionMars78.3millionJupiter628.7millionSaturn1275.0millionUranus2724.0millionNeptune4351.4milliona Write each of the distances in standard form correct to 3 s.f.b A space ship travels at an average speed of 2.8 ×104 km per hour.i) How many days would it take to travel from Earth to Mars?ii)How many years would it take to travel from Earth to Neptune? The circumference of the Earth around the equator is 40 075 km. As a challenge and to raise money for charity, a cyclist decides to ride that distance in the gym. The wheel of her bicycle has a radius of 38cm. Calculate the number of times the wheel will rotate during the challenge.  Give your answer in standard form correct to 3 s.f. An Indian legend tells the story of a king who lost a game of chess. When he lost, the king asked his opponent what he wanted as a reward. His opponent said he wanted the king to place one grain of rice on the first square of the chessboard, two on the second square, four on the third square and so on, doubling the amount of rice on each square.45678KEY INFORMATIONIn everyday conversation the mass of an object is usually referred to as its weight, althoughtheyare two different things.If you have a bicycle, work out how many times its wheel would rotate if you took up the challenge of cycling around the equator.A chessboard is made up of 64 squares.
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So far we have only looked at very large numbers, but reading and understanding very small numbers can also be difficult.The mass of a grain of sand obviously varies a lot depending on the type of sand. However, assume that an engineer has worked out the mass of an average grain of sand to be 0.000 004 5 kg.This is quite difficult to visualise as an amount as it is so small.Changing the mass into grams makes it slightly easier (i.e. 0.004 5 g) but it is not always possible to do this.Standard form can also be used to write very small numbers.Look at the number pattern below:2 ×103 =20002 ×102 =2002 ×101 =202 ×100 = 22 ×10-1 =0.22 ×10-2 =0.022 ×10-3 =0.002As can be seen, as the power of 10 decreases by 1, the answer is divided by 10. This is because standard form involves the use of indices.Therefore2×10-1 is the same as 21100.2×=.Similarly, 2 ×10-2 is the same as 2110211000.022×=×=.a What is the total number of grains of rice used for the first row of  8squares?b What is the total number of grains of rice used for the first two rows of the board?c How many grains of rice would be placed on the 64th square of the board? Give your answer in standard form to 3 s.f.LET’STALKIf the rice could be laid down to a depth of 1 m, can you estimate the area it would cover?LET’STALKHow many grains of rice in total are needed for the whole board?This is very challengingandisa project in itself!LET’STALKIf builders’ sand comes in 25 kg packs, how many grains of sand are in one pack?KEY INFORMATIONRememberwithindices:100 = 1101 =10
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10SECTION1To write a very small number in standard form the same rule applies, i.e. that it is written as a ×10nwherea must be a number equal to or greater than or equal to 1 but smaller than 10 and n must be an integervalue.1 Write 0.000 056 in standard form.0.000056 =5.6×10-52 Using a calculator work out the following calculation:(3×10-3) ×(4×10-4) Give your answera in standard form binfull.0.0000012(3×10-3) ×(4×10-4) = 1.2 ×10-6Workedexamples Write the following numbers in standard form.a0.00064b0.000000576c0.21d0.1 Write the answer to the following calculationsi) in standard formii)infull.a(7 ×10-3) ×(6×10-5)b(1.2×10-2) ÷(2×10-4)c(1.6×10-4) +(3.2×10-3)d(4.5×10-3) -(6.2×10-4) Using your knowledge of indices and standard form, explain why the followingcalculationsarecorrect.a(2×10-4) ×(3×102) = 6 ×10-2b(4.1×10-6) ×(2×10-2) = 8.2 ×10-8c(3×10-5) +(4×10-5) = 7 ×10-5d(8×10-3) -(6×10-3) = 2 ×10-3Identify the smaller number in each of the following pairs.a6.7×10-58.0 ×10-6b0.000819.0 ×10-4c0.000000091.0 ×10-71234Exercise1.3
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111IndicesandstandardformKEY INFORMATIONElectrons,protonsand neutrons are parts of an atom.The following two lists show calculations involving numbers in standard form on the left-hand side and answers on the right-hand side.(4×10-4) ×(3×102)1.2 ×10-4(6×10-8) ×(2×10-3)1.2 ×10-10(5.2×10-4) -(4×10-4)1.2 ×10-9(6×10-6) ÷ (5 ×103)1.2 ×10-1a Match each calculation to its correct answer.b Justify your selections in part (a). The diameter of human hair is approximately 0.07 mm. Write the diameter of human hair in metres in standard form. A box of paper contains 4 packs of paper, with 500 sheets in each pack. The total height of the box is 26 cm. Calculate the thickness of one sheet of paper in cm, giving your answer in standard form. In a physics book, the masses of an electron, a proton and a neutron are listed as follows: Mass of an electron =9.109×10-31kg Mass of a proton =1.673×10-27kg Mass of a neutron =1.675×10-27kg Write these masses in order of size starting with the smallest.5678Now you have completed Unit 1, you may like to try the Unit 1 online knowledge test if you are using the Boost eBook.
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l Know and use Pythagoras’ theorem.2

 l In the centre of a piece of paper, draw a right-angled triangle.l Off each of the sides of the triangle, construct a square, as shown in the diagram.14532lDivide up one of the smaller squares as shown, making sure the dividing lines run parallel to the sides of the largest square.l Cut out the shapes numbered 1, 2, 3, 4 and 5, and try to arrange them on top of the largest square so that they fit without any gaps.lWhatconjecture can you make about the areas of the three squares? Can you find a generalrule?1KEY INFORMATIONThis is an example of a geometric proof.Exercise2.1
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132Pythagoras’theoremThis dissection to prove Pythagoras’  theorem was constructed by Thabit ibn Quarra in Baghdad in 836 bce.Pythagoras’ theorem states the relationship between the lengths of the three sides of a right-angled triangle: a2 = b2 + c2In words, the theorem states that the square of the length of the hypotenuse is equal to the sum of the squares of the other two sides.1 Calculate the length of the side  markeda in this diagram.UsingPythagoras’theorem: a2 = b2 + c2 a2 = 82 + 62 a2 = 64 +36 =100 a10010== The length of side a is 10 m.2 Calculate the length of the side  markedb in this diagram. Pythagoras’ theorem states that: a2 = b2 + c2Rearrangingtomakeb2the subjectgives: b2 = a2 - c2 b2 =122 - 52  b2 =144-25 =119 b119= The length of side b is 10.9 m (to one decimal place).A6 mBa8 mCA12 mBb5 mCWorkedexamplesAcBahypotenusebCKEY INFORMATIONThe hypotenuse is the longest side and is opposite the right angle.
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14SECTION1Use Pythagoras’ theorem to calculate the length of the hypotenuse in each of these right-angled triangles. a4 cm3 cm b9 cm12 cm g7 cm2.4 cm h12 cm3.5 cm i1.5 cm3.6 cm j9.6 cm2.8 cm Pablo and Amala set off from a point A. Pablo heads to a point B before turning and heading  towards point C as shown. Amala goes directly  from A to C. The angle ABC is 90°. Calculate, in metres, how much less far Amala has  to walk compared with Pablo.1234567Exercise2.2ABC4.5 km6.2 km
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