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How to use this book



Welcome to Essential Skills for GCSE Physics. This book covers the major UK exam boards for Science: AQA, Edexcel (including Edexcel International GCSE), OCR 21st Century and Gateway, WJEC /Eduqas and CCEA. Where exam board requirements differ, these specifics are flagged. This book is designed to help you go beyond the subject-specific knowledge and develop the underlying essential skills needed to do well in GCSE Science. These skills include Maths, Literacy, and Working Scientifically, which now have an increased focus.





•  The Maths chapter covers the five key areas required by the government, with different Physics-specific contexts. In your Physics exams, questions testing Maths Skills make up 30% of the marks available.



•  The Literacy chapter will help you learn how to answer extended response questions. You will be expected to answer at least one of these per paper, depending on your specification and they are usually worth six marks.



•  The Working Scientifically chapter covers the four key areas that are required in all GCSE sciences.



•  The Revision chapter explains how to improve the efficiency of your revision using retrieval practice techniques.



•  The Exam Skills chapter explains way of improving your performance in the actual exam.





To help you practise your skills, there is an exam-style paper at the end of the book, with another available online at www.hoddereducation.co.uk/EssentialSkillsPhysics. While they are not designed to be accurate representations of any particular specification or exam paper, they are made up of exam-style questions and will require you to put your maths, literacy and practical skills into action.


Key features


In addition to Key term and Tip boxes throughout the book, there are several other features designed to help you develop your skills.
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[image: ] Worked examples


These boxes contain questions where the working required to reach the correct answer has been shown.
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[image: ] Expert commentary


These sample extended responses are provided with expert commentary, a mark and an explanation of why it was awarded.
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[image: ] Guided questions


These boxes guide you in the right direction, so you can work towards solving the question yourself.
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[image: ] Peer assessment


These activities ask you to use a mark scheme to assess the sample answer and justify your score.
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[image: ] Practice questions


These exam-style questions will test your understanding of the subject.
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[image: ] Improve the answer


These activities ask you to rewrite the sample answer to improve it and earn full marks.
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Answers to all questions can be found at the back of the book. These are fully worked solutions with step-by-step calculations included. Answers for the second online exam-style paper can also be found online at www.hoddereducation.co.uk/EssentialSkillsPhysics.
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* Flags like this one will inform you of any specific exam board requirements.
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1 Maths



To do well in GCSE Physics you will need to be familiar with the units in which physics measurements are made and how they are combined mathematically. Perhaps more than in any other GCSE science, the development of your mathematical skills in physics is vital if you are to achieve the highest grades.


Units and abbreviations


Physicists use the SI system of measurement. This system is based on the seven fundamental base units shown in Table 1.1.


Table 1.1 Base units in GCSE Physics






	Measurement

	Unit

	Abbreviation






	mass

	kilogram

	kg






	length

	metre

	m






	time

	second

	s






	current

	ampere

	A






	temperature

	degree Celsius

	°C






	amount of substance

	mole

	mol






	candela

	luminous intensity

	cd







All other SI units are combinations of the base units. These combinations are called derived units (see Table 1.3).


It would be inappropriate to give, say, the mass of a postcard in kilograms, so physicists use smaller (submultiple) and larger (multiple) units in calculations. The common ones are shown in Table 1.2.
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Key terms


Base units: The units on which the SI system is based.


Derived units: Combinations of base units such as m/s and kg/m3.


Submultiples: Fractions of a base unit or derived unit, such as centi- in centimetre.


Multiples: Large numbers of base or derived units, such as kilo- in kilogram.
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Table 1.2 Submultiple and multiple units in GCSE Physics






	Prefix

	Symbol

	Meaning

	Example






	micro

	μ

	one millionth

	1 μA = 1/1 000 000th of an Amp






	milli

	m

	one thousandth

	1 ms = 1/1000th of a second






	centi

	c

	one hundredth

	1 cm = 1/100th of a metre






	kilo

	k

	one thousand

	1 kg = 1000 grams






	Mega

	M

	one million

	1 Mm = 1 000 000 m or 1000 km







These examples show sensible units to measure the objects provided:
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Tip


SI stands for Système International. You don’t need to know about the history of the system – you just need to know the units.
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•  A postcard measures 15 cm by 8 cm.



•  The distance between London and Birmingham is about 190 km.



•  The diameter of a one pound coin is 22.5 mm.
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Tip


There are also a few physical quantities that are simple ratios and have no unit.


At GCSE these are:





•  efficiency



•  magnification



•  transformer turns ratio.





Remember you do not need to put a unit symbol with these quantities.
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Table 1.3 GCSE Derived units






	Physical quantity

	Derived unit

	Abbreviation






	area

	square metres

	m2







	volume

	cubic metres

	m3







	density

	kilogram per cubic metre

	kg/m3







	temperature

	degree Celsius

	°C






	pressure

	pascal

	Pa






	specific heat capacity

	joule per kilogram per degree Celsius

	J/kg/°C






	specific latent heat

	joule per kilogram

	J/kg






	speed

	metre per second

	m/s






	force

	newton

	N






	gravitational field strength

	newton per kilogram

	N/kg






	acceleration

	metre per squared second

	m/s2







	frequency

	hertz

	Hz






	energy

	joule

	J






	power

	watt

	W






	electric charge

	coulomb

	C






	electric potential difference

	volt

	V






	electric resistance

	ohm

	Ω






	magnetic flux density

	tesla

	T
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Tip


Above 9999, groups of digits are usually separated in groups of three by a space; for example, 10 000. You should try to avoid using a comma to separate groups of digits because, outside the UK and the USA, a comma is often used as a decimal point. Mistaking a comma as the position of a decimal point when administering drugs or designing a bridge could be disastrous.
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Arithmetic and numerical computation


Expressions in decimal form


Decimal places look like full stops (.) in the middle of numbers. They are used to signify a value between two ‘whole’ numbers or integers. Any number can be written with a decimal place, even a whole number. For example, 2 can also be written 2.0 (one decimal place), 2.00 (two decimal places) and so on. A lot of calculations in physics result in answers that don’t give a whole number and therefore you may have to use decimals.


For example, suppose we carry out a calculation and get an answer of 0.6547 m/s. This is an answer that has four decimal places (in other words, four numbers beyond the decimal point). But the question may specify that we give the answer to three decimal places (3 dp). In order to do that, we look at the decider figure and round up if it is more than four.
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Key terms


Decimal places: The number of integers given after a decimal point.


Integers: These are whole numbers, which includes zeros.


Decider figure: The integer after the number of decimal places required which decides whether we must round up or not.
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•  So, if you need to give the number 0.6547 to 3 dp, the decider figure is the fourth figure after the decimal point (one after the number of decimal places needed). In 0.6547, the decider figure is 7. Since 7 is more than 4, we round up by adding a 1 to the third decimal place. So, to 3 dp, we write 0.6547 as 0.655.



•  If we take the same number and work it out to 2 dp, the decider figure is the third figure after the decimal point (4). So, we do not round up and we write 0.6547 as 0.65.



•  If we take the same number and work it out to 1 dp, the decider figure is the second figure after the decimal point (5). So, we round up the 6 to a 7 and 0.6547 is written as 0.7.
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[image: ] Worked examples





1  In a circuit, the voltage across a device is 12.4 V and the current through it is 1.7 A. You work out that the resistance is 7.2941 Ω. Write this answer to 1 dp, 2 dp and 3 dp.



To 1 dp The decider is the second figure after the decimal point, which is a 9.


So, we round up to 7.3 (1 dp).


To 2 dp The decider is the third figure after the decimal point, which is a 4.


So, we do not round up.


We write 7.2941 as 7.29 (2 dp).


To 3 dp The decider is the fourth figure after the decimal point, which is a 1.


So, we do not round up.


We write 7.2941 as 7.294 (3 dp).



2  A physicist measures the diameter of a metal rod as 0.7 cm to 1 dp.



Giving both answers to 2 dp, what is:







    a  the smallest diameter that the rod could have had?



Step 1 The smallest number would still have to be a value that the physicist rounded up, so the first decimal place would be a 6.


Step 2 The number following the 6 would have to be as small as possible, but still a number that allows us to round up.


Step 3 So, the smallest diameter is 0.65 cm.


    b  the largest diameter that the rod could have had?



Step 1 The largest number must be small enough to not have been rounded up, so the first decimal place would be a 7.


Step 2 The number following the 7 would have to be as large as possible, but still a number that won’t allow us to round up.


Step 3 So, the largest diameter is 0.74 cm.
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Tip


Some answers may be recurring. In other words, the last number repeats forever. An example of this is if you divide the number 2 by the number 3 on your calculator. With this calculation, you may see on your display 0.6666666666, although more modern calculators display numbers like 0.6666666666… as [image: ]. The dot above the 6 shows that the 6 repeats for ever. In either case, the rule for rounding is the same. For 3 dp, we would write 0.6666666666 or [image: ] as 0.667, and so on.


Note that, if there are two dots, then the numbers between the dots are repeated. So, [image: ]. means 0.652652652… This would be 0.7 to 1 dp, 0.65 to 2 dp and 0.653 to 3 dp.
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Key term


Recurring: When a number goes on forever.
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[image: ] Guided questions





1  A steel block is in the form of a cuboid. A physicist finds its dimensions are 1.21 cm × 3.42 cm × 5.63 cm. Calculate its volume, in cm3, to 2 dp.



Step 1 Find the volume: v = 1.21 cm × 3.42 cm × 5.63 cm = ............... cm3


Step 2 Give the volume to 2 dp: volume = ............... cm3



2  A toy car rolls down a slope and travels 20 cm in 6.4 seconds. Calculate the speed of the car in cm/s to 2 dp.


Step 1 Find the speed: [image: ]


Step 2 Give the answer to 2 dp: speed of car = ............... cm/s
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[image: ] Practice questions





3  An A4 sheet of paper measures 210 mm wide and 297 mm long. Each measurement is given to the nearest mm. Write down the maximum and minimum dimensions of the A4 sheet of paper, giving your answers in mm to 1 dp.



4  A steel rod has a rectangular cross section of 12.2 mm × 15.3 mm. Find its area of cross section giving your answer in mm2 to 1 dp.



5  A student weighs 630 N and the total area of his feet in contact with the ground is 205 cm2. Calculate the pressure he exerts on the ground, giving your answer in N/cm2 to 1 dp.
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Tip


Remember that to find the area of a rectangle, you multiply length by width.


To work out pressure, the formula is [image: ].
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Expressions in standard form


Physicists sometimes deal with very large or very small numbers. For example, the number of water molecules in a tablespoon of water is about 602 000 000 000 000 000 000 000 (an incredibly large number).


On the other hand, the wavelength of an X-ray is about 0.000 000 000 1 metres (an incredibly small number).


So, we need a better way to write down very large and very small numbers. We do that using powers of 10.


Powers of 10


Powers of 10 give us a way to write these very large and very small numbers in a sort of short-hand format. For example, if we look at the calculation 10 × 10 = 100, we can see that two tens are multiplied together. We can, therefore, write the value of 100 as 102 or 1.0 × 102.


In the calculation 10 × 10 × 10 × 10 = 10 000, we can see that four tens are multiplied together. We can write the value of 10 000 as 104, or 1.0 × 104. The reason for the 1.0 in the second version will become clearer when standard form is covered in more detail on the following page.
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Key term


Standard form: A number in the form a × 10n used when writing down very large or very small numbers.
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Bigger numbers than these examples are written in a similar way. This is summarised in Table 1.4.


Table 1.4 Positive powers of 10






	Number

	Written

	Often written






	10

	1 × 101


	10






	100

	1 × 102


	102







	1000

	1 × 103


	103







	10 000

	1 × 104


	104







	100 000

	1 × 105


	105







	1 000 000

	1 × 106


	106








Numbers less than 1 are all written with negative indices as summarised in Table 1.5.
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Key term


Index: Index is the power to which a number or letter is raised. The plural of index is indices.
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Table 1.5 Negative powers of 10






	Fraction

	Decimal

	Written

	Often written






	[image: ]

	0.1

	1 × 10-1


	10-1







	[image: ]

	0.01

	1 × 10-2


	10-2







	[image: ]

	0.001

	1 × 10-3


	10-3







	[image: ]

	0.0001

	1 × 10-4


	10-4







	[image: ]

	0.00001

	1 × 10-5


	10-5







	[image: ]

	0.000001

	1 × 10-6


	10-6








Standard form


Like powers of 10, a number in standard form has a similar format:


a × 10n where 1 ≤ a < 10, and n is a positive or negative whole number.


For example, the distance from the Earth to the Sun, 150 000 000 000 m, is written in standard form as 1.5 × 1011 m.


The mass of a proton, 0.000 000 000 000 000 000 000 000 001 66 kg is written in standard form as 1.66 × 10-27 kg.


To convert a number bigger than 10 to standard form:





•  split it into two parts – the first part comes immediately after the first non-zero integer and is a number greater than or equal to 1



•  the second part is the power of 10 (that’s one less than the total number of digits in the number before you would arrive at the decimal point) – this is the n in ‘× 10n’



•  add a multiply sign between the two parts.





For example, to convert 257 000 000 to standard form:





•  the decimal point comes immediately after the first non-zero integer, which is the number 2, so the first part is 2.57



•  there are nine figures in the number altogether, so n = 9 − 1 = 8



•  the number in standard form is 2.57 × 108.





To convert a number smaller than 1 to standard form:





•  reading from left to right, write down the first digit that is not a zero and place a decimal point immediately after it



•  count the number of places the decimal point has moved to the right, n



•  add the ‘× 10-n’ term.





For example, to convert 0.006 03 to standard form:





•  the first part is the decimal that starts with the number 6; this is 6.03



•  to get to the decimal point in 6.03, the point in 0.006 03 has moved three points to the right, so n = 3



•  the number in standard form is 6.03 × 10-3.
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Tip


Remember:





•  For numbers greater than 10, n is always positive.



•  For numbers less than 1, n is always negative.



•  For numbers between 1 and 10, n is zero.
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[image: ] Worked examples





1  The number of radioactive carbon nuclei in a sample of carbon taken from a peat marsh in Cheshire in 1984 was estimated to be 530 400 000 000.



About 120 centuries earlier the number of radioactive nuclei in that sample would have been 1 060 100 000 000.


Write these numbers in standard form.







    a  530 400 000 000



Step 1 The first part is 5.304, which corresponds to ‘a’ and is between 1 and 10


Step 2 There are 12 digits altogether, so n = 12 - 1 = 11


Step 3 Write down the two parts, 5.304 × 1011 nuclei


    b  1 060 100 000 000



Step 1 The first part is 1.0601, which corresponds to ‘a’ and is between 1 and 10


Step 2 There are 13 digits altogether, so n = 13 - 1 = 12


Step 3 Write down the two parts, 1.060 1 × 1012 nuclei








2  Write the following wavelengths in standard form.








    a  Orange light (0.000 000 58 metres).



Step 1 Write down 5.8


Step 2 The dp is now after the 5 (in 5.8); the dp has moved seven places to the right (from 0.000 000 58 to 5.8)


Step 3 The wavelength in standard form is 5.8 × 10-7 m


    b  X-rays (0.000 000 000 195 metres).



Step 1 Write down 1.95


Step 2 The dp is now after the 1 (in 1.95); the dp has moved 10 places to the right (from 0.000 000 000 195 to 1.95)


Step 3 The wavelength in standard form is 1.95 × 10-10 m
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[image: ] Guided questions





1  A spacecraft travels a distance of 4 × 108 metres to the Moon in a time of 2.592 × 105 seconds



Write both the distance and time as numbers in normal form.


Use your answers (and a calculator) to find the average speed. Give the speed in standard form.


Step 1 Convert to normal form:


distance to Moon = 4 × 108 m = 400 000 000 m


time = 2.592 × 105 s = ...............s


Step 2 Divide to find speed:


[image: ]


Step 3 Convert speed to standard form:


speed = ............... m/s



2  There are approximately nine million atoms in every cubic metre of space near the Orion Nebula.



Find, in standard form:







    a  the volume in m3 of a cube of space of side 200 m near the Orion Nebula



Step 1 Find the volume of the cube:


volume = length × width × height = 200 m × 200 m × 200 m = ............... m3


Step 2 Write in standard form = ............... m3


    b  the number of atoms in that cube.



Step 1 number of atoms = volume in m3 × 9 000 000


= ...............× 9 000 000


= ...............atoms


Step 2 Write in standard form = ...............atoms
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[image: ] Practice questions





3  The surface of the Earth is divided into plates. In the North Atlantic Ocean, two of these plates meet. These plates are moving apart at about 25 mm per year. How far apart will they move in five hundred thousand years? Give your answer in metres in standard form.
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Using a calculator with numbers in standard form


In your exam you may need to use standard form with a scientific calculator. Most calculators have a display of around nine numbers across the screen, which means very large numbers and very small numbers cannot be entered in normal form.


If, for example, we wanted to calculate (2.99 × 103) × (4.1 × 108) we would:






	Step 1

	key in 2.99






	Step 2

	press the ‘×10x’ key (on some calculators the ‘×10x’ key is labelled ‘EXP’)






	Step 3

	key in 3






	Step 4

	key in ×






	Step 5

	key in 4.1






	Step 6

	press the ‘×10x’ key






	Step 7

	key in 8






	Step 8

	press the ‘=’ key to show the answer, 1.2259 × 1012








To enter 2.99 × 10−3, press the − or ± key before entering the number 3.




[image: ]


Tip


On many calculators, if you press the ‘=’ key after entering a number in standard form, the number is displayed in normal form. Unfortunately, this does not work in reverse. However, pressing the ‘ENG’ button shows the number in engineering form, which is similar to, but not exactly the same as, standard form.
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Fractions


Normal form (decimals), standard form, fractions and percentages are all numbers that we can key into a calculator. As all of these forms represent numbers, they can be changed from one form to another, as shown in Table 1.6.


Table 1.6 Numbers in different forms






	Normal form

	Standard form

	Fraction

	Percentage






	0.03

	3 × 10−2


	[image: ]

	3%






	0.5

	5 × 10−1


	[image: ]

	50%






	3.7

	3.7 × 100


	[image: ]

	370%






	12.25

	1.225 × 101


	[image: ]

	1225%







In the following sections we will look at fractions, ratios and percentages, which you will have to use in many calculations.


Fractions (the traditional way)


Most scientific calculators have the ability to give answers as a fraction, such as [image: ], although you can set your calculator to display a decimal number instead. To convert from a fraction to a decimal, you need to divide the numerator (top number) by the denominator (bottom number):


[image: ]
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Key terms


Numerator: The number above the line in any fraction.


Denominator: The number below the line in any fraction.
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Your calculator will have a button to do this calculation for you, often labelled S ⇔ D.


You also need to be able to multiply, divide, add and subtract fractions.


Multiplying fractions


Multiplication is very straightforward. You multiply together the numbers on the top (numerators) and then the numbers on the bottom (denominators).


For example: [image: ]


We can simplify the fraction by dividing the numerator and denominator by 6 to give [image: ].


Dividing fractions


To divide fractions, we invert the divisor (the second fraction) and multiply.


For example: [image: ]


We can simplify the fraction by dividing the numerator and denominator by 4 to give [image: ]


Adding and subtracting fractions


It is easy to add or subtract fractions if they have the same denominator.


Example 1: [image: ]


Here, the common denominator is 7, so [image: ]


Example 2: [image: ]


Here, the common denominator is 12, so [image: ]


We can simplify the fraction by dividing the numerator and denominator by 2 to give [image: ].


This is fairly straightforward, but if we are not given a common denominator we need to find one. Any two (or more) fractions will share a common denominator that will allow us to add or subtract them. To find a common denominator you can multiply the two denominators together.


For example:


[image: ]




[image: ]


Tip


If you come across a fraction where the numerator is bigger than the denominator, such as [image: ], this means that it can be simplified as a whole number and a fraction. In this example you have [image: ] plus another [image: ], or [image: ].


[image: ]





In this example, we can’t add them together as is. However, if we multiply the denominators together, we get 4 × 3 = 12. To make sure the fractions stay equivalent (the same) when we change the denominator, we also have to multiply the numerator by the same number. This is because [image: ] is not the same value as [image: ]. We multiplied the denominator (3) by 4 to get 12, so we need to multiply the numerator (1) by 4 as well. If we do this to both fractions we get:


[image: ]


Now we can add them together to get [image: ].




[image: ]


Tip


If the common denominator you get by multiplying both denominators together is very high, see if you can simplify it by reducing it to a smaller number. For example, the fraction sum [image: ] might be easier understood as [image: ], as both fractions share the same multiple of 8. If you divide both fractions by 8, you get a much simpler sum. You can also do this simplification after completing the sum, if you prefer.
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Fractions (the easy way)


In every GCSE Physics exam you are expected to be able to use a scientific calculator. Learning how to use a calculator to work out fractions is straightforward.


The instructions below tell you how to enter the fraction [image: ] and then add [image: ].





•  Look for the fraction button; the symbol will appear on the screen when you press it.



•  Press the number 3 button; the 3 is displayed as the numerator.



•  Press ‘down’ on the navigation button when you are ready to enter the denominator.



•  Press the number 4 button.



•  Press ‘right’ on the navigation button so the fraction, [image: ], is on the screen.



•  Press +.



•  Enter the fraction [image: ] in the same way as you entered [image: ], finishing by pressing ‘right’ on the navigation button.



•  Press =.



•  The display should show the answer: [image: ].



•  Press S⇔D to see the answer displayed as a decimal (1.25).







[image: ]


Tip


It will be useful to look at your own calculator when following these instructions.
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Mixed fractions are fractions that have a whole number bit and a fraction bit. For example, [image: ] is a mixed fraction.


The instructions below tell you how to enter the mixed fraction [image: ] and then multiply by [image: ].





•  Find and press the mixed fraction symbol – this is usually above the fraction button; you need to press the shift button, then the fraction button.



•  You can now enter a mixed fraction.



•  Press the number 2 button, and then press ‘right’ on the navigation button.



•  Press the number 1 button, and then press ‘down’ on the navigation button.



•  Press the number 2 button, and then press ‘right’ on the navigation button.



•  The display now shows [image: ].



•  Press ×.



•  Enter the mixed fraction [image: ] in the same way as you entered [image: ].



•  Press =.



•  The display should show [image: ] or [image: ].



•  Press S⇔D to see the answer displayed as a decimal (9.375).





Once you know how to enter fractions in your calculator, you can add, subtract, multiply and divide them easily.
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Tip


Remember that using a calculator is a skill and skills are not learned overnight. They need practice!
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[image: ] Worked examples





1  The total resistance R of resistors of 12 Ω and 6 Ω when placed in parallel, is given by this equation:



[image: ]


Use the equation to find the value of R.


Step 1 Add the fractions, [image: ].


Step 2 The denominators are 12 and 6.


We can’t write [image: ] as a fraction out of 6, but we can write [image: ], so:


[image: ]


Step 3 Link back to [image: ]:


Since [image: ], then R = 4 Ω



2  Two thirds of the chemical energy in a petrol driven lawnmower is wasted as heat. One third of the remaining energy is wasted as sound. The rest is useful energy.



What fraction of the input energy is useful?


Step 1 Find fraction not wasted as heat: [image: ]


Step 2 Find fraction wasted as sound: [image: ]


Step 3 Find total fraction wasted (heat + sound): [image: ]


Step 4 Subtract from 1 to find useful energy: [image: ]


So, [image: ] of the total input energy is converted into useful energy.





[image: ]







[image: ]


[image: ] Guided questions





1  A manufacturer claims that more than [image: ] of the electrical energy input to a chainsaw is transferred to useful kinetic energy.



A gardener uses 60 kJ of electrical energy in the chainsaw and finds that 10 kJ are wasted as heat and sound.


Is the manufacturer’s claim valid?


Step 1 Calculate the useful energy: 60 kJ − 10 kJ = ...............kJ


Step 2 Calculate the useful fraction: [image: ]


Step 3 Which is bigger [image: ]?


[image: ]


Step 4 Write a conclusion: The bigger fraction is [image: ], so the manufacturer’s claim is ................





[image: ]







[image: ]


[image: ] Practice questions





2  Complete these calculations using a calculator.







    a  [image: ]



    b  [image: ]



    c  [image: ]



    d  [image: ]



    e  [image: ]



    f  [image: ]



    g  [image: ]



    h  [image: ]









3  Alloys are mixtures of metals. Gold is often alloyed with copper to make it harder and more hard-wearing.


9-carat gold contains [image: ] pure gold and [image: ] copper by mass.


Calculate the mass of a piece of 9-carat gold if it contains 95 g of copper.



4  A marine physicist finds that a sample of seawater contains 35 g of salt and 965 g of water.


Use this data to find:







    a  the fraction of seawater that is common salt, giving your answer in its lowest terms
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