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How to use this book





Welcome to Essential Skills for GCSE Combined Science. 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 in recent years have an increased focus.





•  The Maths chapter covers the five key areas required by the government, with different Science-specific contexts. In your Science exams, questions testing Maths skills make up to 20% of the marks available with a 1:2:3 ratio for Biology, Chemistry and Physics.



•  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 chapter on Working Scientifically 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.



•  Finally, the Exam Tips chapter explains ways of improving your performance in the actual exam.





To help you practise your skills, there are three exam-style papers at the end of the book, with another three available online at www.hoddereducation.co.uk/EssentialSkillsCombinedScience. 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.






[image: ] Worked example


These boxes contain questions where the working required to reach the answer has been shown.












[image: ] Guided questions


These guide you in the right direction, so you can work towards solving the question yourself.












[image: ] Practice questions


These exam-style questions will test your understanding of the subject.












[image: ] Expert commentary


These sample extended responses are provided with expert commentary, a mark and an explanation of why it was awarded.












[image: ] Peer assessment


These activities ask you to use a mark scheme to assess the sample answer and justify your score.












[image: ] Improve the answer


These activities ask you to rewrite a sample answer to improve it and gain full marks.








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 three online exam-style papers can also be found online at www.hoddereducation.co.uk/EssentialSkillsCombinedScience.






* Flags like this one will inform you of any specific exam board requirements.





















1 Maths





Maths is an important part of GCSE Science, and specific marks are now awarded in the exams for how well you answer maths-based questions. The important thing to remember is that these are all skills you will be using in GCSE Maths – just in a different context, namely science.


For example, common maths questions in science might ask you to draw graphs, calculate means and work out probabilities (e.g. from genetic crosses). As you can see, none of these skills should be alien to you.


This chapter aims to take you through all the maths skills needed in order to successfully complete your GCSE Science course.




Units and abbreviations


Scientific quantities are measured using units. Units are very important in science. Without them, numerical values are often meaningless, and leaving them out will cost you marks in the exam. You should ensure that you use appropriate units across all calculations and data handling.


Laboratory work is central to GCSE Science. Throughout your course there will be many opportunities for you to use practical work to investigate, record and process data. Some measurements recorded in experimental work may be qualitative and would not include a numerical value.


A range of quantitative units are used in GCSE Science. Scientists use the SI system of measurement. This system is based on the seven fundamental base units shown in Table 1.1. Whenever possible, you should use the internationally recognised units. You should familiarise yourself with both the units and their abbreviations.




Table 1.1 Base units in GCSE Science






	Measurement


	Unit


	Abbreviation







	mass


	kilogram


	kg







	length


	metre


	m







	time


	second


	s







	current


	ampere (amp)


	A







	temperature


	degree Celsius


	°C







	amount of substance


	mole


	mol







	luminous intensity


	candela


	cd











All other SI units are combinations of the base units. These combinations are called derived units (see Table 1.2).






Key terms


Qualitative: Descriptions of how something appears, rather than with figures or numbers.


Quantitative: Measurements such as mass, temperature and volume, involve a numerical value. For these quantitative measurements, it is essential that units are included because stating that the mass of a solid is 0.4 says very little about the actual mass of the solid – it could be 0.4 g or 0.4 kg.


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


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












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.








Compound units are those composed of more than one unit. For example:





•  Concentration is measured in mol/dm3 (mol per dm3)



•  Energy change is measured in kJ/mol (kilojoule per mol)







Table 1.2 GCSE derived units






	Physical quantity


	Derived unit


	Abbreviation







	area


	square metres


	m2







	volume


	cubic metres


	m3







	density


	kilogram per cubic metre


	kg/m3







	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











It would be inappropriate to give, say, the mass of a postcard in kilograms, so scientists often use smaller (submultiple) and larger (multiple) units in calculations. The common ones are shown in Table 1.3.






Key terms


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.












Tip


For more on standard form see page 8.










Table 1.3 Submultiple and multiple units in GCSE Science






	Prefix name


	Symbol


	Meaning/Standard form


	decimal







	tetra


	T


	× 1012


	1 000 000 000 000







	giga


	G


	× 109


	1 000 000 000







	mega


	M


	× 106


	1 000 000







	kilo


	k


	× 103


	1000







	centi


	c


	× 10−2


	0.01







	milli


	m


	× 10−3


	0.001







	micro


	µ


	× 10−6


	0.000 001







	nano


	n


	× 10−9


	0.000 000 001















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.








These examples show sensible units to measure the objects:





•  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







Converting between units


Addition and subtraction of values can only be done if they are expressed in the same units. For example, the mass of an evaporating basin (24 g) cannot be added to the mass of copper oxide (3000 mg) to give a total mass, as the units are different. If the units are different they must be converted to a common unit before being added together. In this example, the mass of copper oxide must first be converted from 3000 mg to 3 g and then added to the mass of the evaporating basin in grams (24 g) to give a total mass of 27 g.


You will need to be able to convert between different volume and mass units as outlined below.






Tip


Above 9999, groups of digits are usually separated in groups of three by a space; for example, 10 000. You should 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.











Volume


Volume is usually measured in centimetres cubed (cm3), decimetres cubed (dm3) or metres cubed (m3).


1000 cm3 = 1 dm3


1000 dm3 = 1 m3


You need to be able to convert between volume units, particularly for calculations on solution volume and concentration. The flow scheme in Figure 1.1 will help you to convert between volume units.




[image: ]

Figure 1.1 Converting between volume units










Mass


Mass can be measured in milligrams (mg), grams (g), kilograms (kg) and tonnes (t).


1 tonne = 1000 kg


1 kilogram = 1000 g


1 gram = 1000 mg




[image: ]

Figure 1.2 Converting between mass units









Tip


Use common sense when converting between units. A kilogram is bigger than a gram so when converting from kilograms to grams you would expect to get a larger number of grams after your calculation.
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1  a  Convert 35 cm3 to dm3.


Look at Figure 1.1. To convert from cm3 to dm3 divide by 1000.


[image: ]








b  Convert 1.5 dm3 to cm3.


Look at Figure 1.1. To convert from dm3 to cm3 multiply by 1000.


1.5 × 1000 = 1500 cm3




c  Convert 325 mg to grams.


Look at Figure 1.2. To convert from mg to g divide by 1000.


[image: ]



d  Convert 4.3 kg to grams.


Look at Figure 1.2. To convert from kg to g multiply by 1000.


4.3 × 1000 = 4300 g



e  Convert 2.2 tonnes to grams.


There are two conversions needed: tonne → kilogram → gram



Step 1: To convert from tonnes to kilograms multiply by 1000.


2.2 × 1000 = 2200 kg



Step 2: To convert from kilograms to grams multiply by 1000.


2200 × 1000 = 2 200 000 g















Tip


Refer to Figure 1.2 to help with this conversion.












[image: ] Guided questions





1  Convert 1.2 dm3 to cm3.


To convert from dm3 to cm3 multiply by 1000.


1.2 × 1000 = ………………… cm3




2  Convert 8.2 tonnes to g.


Two conversions are needed here:


tonnes → kg → g



Step 1 To convert from tonnes to kg, multiply by 1000.


8.2 × 1000 = ………………… kg



Step 2 Then, to convert from kg to g, multiply by 1000.


………………… × 1000 = ………………… g















Tip


Always think about your answer; a dm3 is a larger unit than a cm3 so you would expect to get a larger number of cm3 when converting that way.












[image: ] Practice question





3  Carry out the following unit conversions.








a  1.2 dm3 to cm3




b  420 cm3 to dm3




c  3452 cm3 to dm3




d  4.4 t to g



e  4 kg to g



f  3512 g to kg



















Calculations that often involve conversion of units


There are several topic areas in which you may often need to convert units. In Chemistry, for example, you may have to deal with conversions when looking at:





•  reacting volumes of gases, where you may need to calculate moles of gas using the equation:


[image: ]



•  amounts of substances, where you may need to calculate moles using the equations:


[image: ]









Tip


Ar is the relative atomic mass and is found on the Periodic Table for each element. Mr is the relative formula mass. These values do not have units.












Key terms


Relative formula mass, Mr: The sum of the relative atomic masses (Ar) of all the atoms shown in the formula.












[image: ] Worked example


Calculate the amount, in moles, present in 2.4 tonnes of magnesium.


To calculate the amount in mole use the following equation:


[image: ]


Before using this expression, the mass of magnesium must be converted from tonnes to grams.


[image: ]


Step 1 mass of magnesium in grams = 2.4 × 1000 × 1000 = 2 400 000 g


[image: ]












Tip


Some examination boards may ask you to calculate the number of moles rather than the amount in moles – this is answered in the same way.












[image: ] Guided questions





1  Calculate the amount in moles present in 9.8 kg of sulfuric acid, H2SO4, which has relative formula mass (Mr) 98.


To calculate the amount in moles use the expression


[image: ]



Step 1 Convert the mass from kg to g by multiplying by 1000.


9.8 × 1000 = …………………



Step 2 Substitute the mass in grams and the Mr into the equation to calculate your final answer.


[image: ]



2  Calculate the amount in moles present in 48 000 cm3 of nitrogen gas.


To calculate the amount in moles of a gas use the expression


[image: ]



Step 1 Convert the gas volume from cm3 to dm3 by dividing by 1000


[image: ]



Step 2 Substitute the volume into the equation and calculate your final answer.


[image: ]















Tip


This equation can only be used to calculate the moles of a gas if the volume is given.












[image: ] Practice questions





3  Calculate the amount in moles present in 6 kg of calcium (Ca).



4  Calculate the amount in moles present in 3.2 tonnes of calcium carbonate. Calcium carbonate has relative formula mass (Mr) = 100.



5  Calculate the amount in moles present in 17 kg of ammonia (NH3).



6  Calculate the amount in moles present in 2.1 tonnes of iron(III) oxide (Fe2O3).



7  Calculate the amount in moles present in 0.592 kg of magnesium nitrate (Mg(NO3)2).



8  Calculate the amount in moles present in 7200 cm3 of sulfur trioxide gas (SO3).



















Arithmetical and numerical computation




Expressions in decimal form


When adding or subtracting data, decimal places are often used to indicate the precision of the answer. The term ‘decimal place’ refers to the numbers after the decimal point. The number of decimal places is the number of digits after the decimal point.






Tip


Decimal numbers can also often be used to express fractions, for example [image: ] = 0.5.










[image: ]

Figure 1.3 Decimal places





The number 5.743 has three decimal places, while the number 10 has no decimal places.


Sometimes you are asked to present your answer to one or two decimal places. To do this you need to round your answer. For example:





•  Rounding a number to one decimal place means there is only one digit after the decimal point.



•  Rounding a number to two decimal places means there are two digits after the decimal point.









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, it decides whether we must round up or not.








To round a number to a given number of decimal places, look at the digit after the last one you need (the decider figure) and





•  if the next number is 5 or more, round up



•  if the next number is 4 or less, do not round up.





For example, if you are rounding a number to two decimal places, it is useful to underline all numbers up to two numbers after the decimal point. This then focusses your attention on the next number, which helps with rounding.


You should ensure that you round using the appropriate number of decimal places (d.p.) in answers to exam questions. This will probably depend on the number of decimal places used in the question or on the data provided.


In practical questions involving measurements, your answers should not have more decimal places than the least accurate measurement. For example, if a ruler is used to measure the area of the sides of a cube to the nearest 0.1 cm, the surface area (cm2) and volume (cm3) calculated using this value should not be given to more than one decimal place.


While most values have an exact number of decimal places, others might have recurring decimals (for example [image: ] = 0.333333333 recurring) or an infinite number of decimal places (like pi – π). These unusual values should always be rounded to the appropriate number of decimal places.






Key terms


Recurring: When a number goes on forever.








An example of a recurring decimal would be if you divide the number 2 by the number 3 on your calculator. With this calculation, you may see 0.6666666666 on your display although more modern calculators display it as [image: ]; the dot above the 6 shows that the 6 repeats forever. In either case, the rule for rounding is the same. For 3 d.p., we would write 0.6666666666 or [image: ] as 0.667. 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 d.p., 0.65 to 2 d.p. and 0.653 to 3 d.p.






[image: ] Worked example


A physicist measures the diameter of a metal rod as 0.7 cm to 1 d.p.


Giving both answers to 2 d.p., 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.



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.















[image: ] Guided questions





1  A root had a diameter of 0.345 cm. Write this diameter to one decimal place.


The second decimal place is 4, so you should round down.


Root diameter to one decimal place = …………………



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 d.p.


[image: ]



Step 2 Give the answer to 2 d.p: speed of car = ………………… cm/s















Tip


If creating results tables in your exam or a required practical, remember that all of the values should have the same number of decimal places.












[image: ] Practice question





3  Copper(II) sulfate solution was electrolysed for five minutes using copper electrodes. The table shows the mass of the copper anode and cathode before and after the electrolysis.








	 

	anode


	cathode







	Mass of electrode before electrolysis/g


	1.66


	1.58







	Mass of electrode after electrolysis/g


	1.15


	1.87











Calculate the mass of copper deposited to one decimal place.



4  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 d.p.















Tip


In this electrolysis experiment, copper is deposited on one electrode, which gets heavier, and the other electrode gets lighter.













Standard form


Scientists 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)



•  the wavelength of an X-ray is about 0.000 000 000 1 metres (an incredibly small number)



•  the energy that a plant receives from the Sun could be 18 00 000 kJ/m2/yr



•  a bacterial cell can have a diameter of 0.005 mm





Standard form is used to express very large or very small numbers so that they are more easily understood and managed. It’s easier to say that a speck of dust weighs 1.2 × 10−6 grams than to say it weighs 0.000 001 2 grams or that a carbon-to-carbon bond has length 1.3 × 10−10 m than to say it is 0.000 000 000 13 m.


Standard form must always look like Figure 1.4:




[image: ]

Figure 1.4 Standard form





‘n’ can also be thought of as the power of ten that A is multiplied by to equal the original number. It is important that you can convert standard form back to ordinary form and from ordinary form to standard form. See Table 1.3 on page 2 to see how prefixes are used to represent standard form.




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 number of zeros translates into a power of 10 when each number is written in standard form. Powers are written as superscript numbers – for example, 10 to the power 2 is written as 102 – the small raised number 2 is the power.


A positive power means you multiply by that power of 10. Essentially this means that you need to multiply by 10 the same number of times as the power. For example, 1 × 103 has the power 3, so we multiply 1 by 10 three times:


1 × 10 × 10 × 10 = 1000 = 1 × 103




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















Tip


When multiplying numbers in standard form, add the powers together and multiply the other numbers.








When representing numbers that are smaller than 1 in standard form, you get negative powers (for example 1 × 10−1). Essentially, this means that you need to divide by 10 the same number of times as the power. For example:


1 × 10−2 has the power −2, so we need to divide 1 by 10 twice:
1 ÷ 10 ÷ 10 = 0.01 = 1 × 10−2.






Tip


A number that you will use in Chemistry that is usually presented in standard form is Avogadro’s number, which is 6.02 × 1023.












Key terms


Avogadro’s number: The number of atoms, molecules or ions in one mole of a given substance.










Table 1.5 Negative powers of 10


[image: ]








[image: ] Worked examples





1  A xylem vessel has a width of 0.072 mm. Write this width in standard form.



Step 1 We know that 0.01 = 1 × 10−2




Step 2 As the width is 0.072, replace the 1 with 7.2



Step 3 This gives an answer of 0.072 mm = 7.2 × 10−2 mm



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 d.p. is now after the 5 (in 5.8); the d.p. 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 d.p. is now after the 1 (in 1.95); the d.p. 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















[image: ] Guided questions





1  Calculate the number of atoms present in 2.3 g of sodium.



Step 1 Calculate the amount in moles of sodium using


[image: ]



Step 2 One mole of atoms contains 6.2 × 1023 atoms. To find the number of atoms present in 2.3 g of sodium multiply the amount in moles by 6 × 1023




2  A species of bacterium divides every two hours. If there are 10 bacteria in the original population, how many bacteria would there be after 24 hours? Use the equation below and give your answer in standard form:



[image: ]



Step 1 Work out how many divisions will occur in 24 hours. Do this by dividing the mean division time by the total time.


24 ÷ 2 = 12


Therefore there are 12 divisions in 24 hours.



Step 2 Substitute the values into the equation.


Bacterial population = 10 × 212 = …………………















Key terms


Mean: The mean is a type of average. Means are covered on pages 26-28.












[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.



4  A species of bacterium divides every 5 hours. If there are 200 bacteria in the original population, how many bacteria would there be after 30 hours? Give your answer in standard form.



5  A copper atom has a diameter of 0.256 nm. A copper wire has a diameter of 0.044 cm.








a  Write the diameter of the atom and the wire in metres.



b  How many times wider is the copper wire than a copper atom? Give your answer to 2 decimal places in standard form.








6  An atom of hydrogen contains a proton and an electron. Calculate the mass of a hydrogen atom if a proton has mass 1.6725 × 10−24 g and an electron has mass 0.0009 × 10−24 g.















Tip


In Question 6 you need to use Avogadro’s number.














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:






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.














	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


	Press the multiply button, ×







	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.










Ratios, fractions and percentages


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


[image: ]




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




Fractions


A fraction is part of a whole, and is expressed as a whole number divided by another whole number. The number on the top of the fraction is the numerator and the number on the bottom of the fraction is the denominator.


When using fractions, it is good practice to write each fraction in its simplest form, for example [image: ] could also be written as [image: ], or [image: ]; however the simplest form is [image: ] so this should be used.


To find the simplest form of a fraction, divide the numerator and denominator (top number and bottom number) by the same whole number (a common factor), and carry on doing this until you are left with numerators and denominators that cannot be divided further to give whole numbers.






Key terms


Fraction: A number that represents part of a whole.


Numerator: The number on the top of the fraction.


Denominator: The number on the bottom of the fraction.


Common factor: A whole number that will divide into both the numerator and denominator of a fraction to give whole numbers.












Tip


If both the numerator and the denominator are even numbers, then the fraction is not in its simplest form.








For example, in [image: ] the numerator and the denominator can both be divided by 2 to give whole numbers, so [image: ]


In [image: ] both the numerator and the denominator can be divided by 3 to give whole numbers, so [image: ]


3 and 4 cannot be further divided by the same number to give whole numbers, so [image: ] is the simplest way of writing this fraction.







Calculating 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: ]


Your calculator will have a button to do this calculation for you, often labelled S⇔D.


You need to be able to add, subtract, multiply and divide 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: ]


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: ]






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: ].








In this example, we can’t add them together as is. However, if we multiply the denominators together, we get 3 × 4 = 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 you can see that [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: ]






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 more easily 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.
















Calculating fractions (the easy way)


In every GCSE Science 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).





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: ]




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









Tip


Remember that using a calculator is a skill and skills are not learned overnight. They need practice!








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






[image: ] Practice questions





1  Complete these calculations using a calculator.








a  [image: ]




b  [image: ]




c  [image: ]




d  [image: ]









2  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.















Tip


You know that [image: ] of the gold is copper, so use this to first find the mass of [image: ], and then use this amount to find the mass of [image: ] (in other words, all) of the 9-carat gold.













Percentages


Like fractions, percentages represent part of a whole. Unlike fractions, they are expressed in the form of a number followed by the percentage symbol %, which means ‘divided by 100’ or ‘out of 100’.


For example: [image: ]


To convert a fraction into a percentage, divide the numerator (top number) by the denominator (bottom number) and multiply by 100.


It can be difficult to compare fractions when they have different denominators. For example, it is not easy to say whether [image: ] is bigger or smaller than [image: ] without doing some calculations. Percentages solve that problem as a percentage is a fraction of 100.




Table 1.7 Some common percentages, decimals and fractions


[image: ]




To calculate a percentage change – this may be an increase or a decrease – use the following equation.


[image: ]


Other types of calculation that involve percentages include percentage yield and atom economy calculations. To calculate these, you need to recall and use the equations shown below.


[image: ]






[image: ] Worked examples





1  An investigation was carried out into the effect of changing NaCl concentration on the mass of a sample of carrot in solution. The sample of carrot lost 3 g of its total mass of 10 g. What percentage of its mass did the carrot lose?




Step 1 In this case, the ‘whole’ is 10 g and the ‘part’ is 3 g, so the carrot lost [image: ] of its mass.



Step 2 To convert this fraction to a percentage, divide the numerator (3) by the denominator (10) and multiply by 100:


[image: ]



2  A 2.4 g sample of iron ore contains 1.8 g of Fe2O3. What percentage of the iron ore is Fe2O3?




Step 1 Express the quantity as a fraction: [image: ]




Step 2 Multiply by 100: [image: ]
















[image: ] Guided questions





1  Calculate the percentage of nitrogen in Ca(NO3)2.



Step 1 In this example you first need to find the relative formula mass (Mr) of Ca(NO3)2



[image: ]



Step 2 There are two nitrogen atoms and so the mass of nitrogen in Ca(NO3)2 is 14 × 2 = …………………



Step 3 Express the quantity as a fraction


[image: ]



Step 4 Multiply by 100 to express as a percentage.



2  In a day, 4000 kJ of light energy from the Sun falls on a plant. The plant converts 52 kJ of this energy into photosynthetic products.



Calculate how efficient this energy transfer is, giving your answer as a percentage.


To calculate the percentage efficiency of this energy transfer, divide the amount of energy in the photosynthetic products by the total energy falling on the plant, and then multiply the answer by 100.



Step 1 Efficiency of energy transfer = ………………… ÷ ………………… × 100



Step 2 Efficiency of energy transfer = …………………















Tip


Remember the rules for converting fractions, decimals and percentages.












[image: ] Practice questions





3  A car is supplied with 30 MJ of chemical energy. Of this, 21 MJ are wasted and the rest is converted into useful kinetic energy.


What percentage of the input energy is:








a  wasted



b  converted into useful energy?








4  An investigation was carried out into the transfer of biomass through a moorland ecosystem. The results were used to draw the following food chain.


[image: ]


Calculate the efficiency of the transfers below. In each case, represent your answer as both a percentage and a fraction in its simplest form.








a  the heather and the grouse



b  the grouse and the fox








5  Calculate the percentage by mass of








a  Hydrogen in Ca(OH)2




b  Potassium in K2Cr2O7




c  Nitrogen in (NH4)2SO4




















Ratios


A ratio expresses a relationship between quantities. It shows how many of one thing you have relative to how many of one or more other things. In ratios, the numbers are separated by a colon (:).


For example, suppose that when two plants of a certain species are crossed, eight offspring with red petals are produced for every four offspring with purple petals. The ratio of plants with red petals to those with purple petals is therefore 8 : 4.


In another example, a step-up transformer may have a turns ratio Ns : Np of 3 : 1, which means that there are three times as many turns on the secondary coil Ns as there are on the primary coil Np.


Sometimes it is easier simply to express a ratio as a whole number, as opposed to a fraction. In the example above we might say ‘the turns ratio in the step-up transformer is 3’.






Tip


A factor is a number that divides exactly into another number.








For a ratio to be valid, the quantities being compared must be of the same unit. So, a ratio, even when expressed as a whole number, a fraction or decimal, does not usually have a unit. Ratios are similar to fractions; they can (and should) both be simplified by finding common factors.


Ratios are also used to show direct proportion. Look at the first two rows of Table 1.8. When we double (or triple, or quadruple) the mass, we do the same thing to the volume – that’s what direct proportion means.




Table 1.8 m: V ratios


[image: ]




The last row in the table also shows that the ratio m : V is always the same (in this case 5 : 1). The constant ratio is a test for direct proportion. But ratios are like fractions. In this case the ratio m: V (or, if you prefer, the fraction [image: ]) is 5.


From the definition of density ρ you know that [image: ]. So, the ratio needs a unit; the unit for density is g/cm3.


Ratios are used in Chemistry in many calculations, for example: in working out empirical formulae; in calculating reacting masses; and in balancing equations.






[image: ] Worked example





1  In a genetic cross, the predicted ratio of offspring is 3 long-haired : 1 short-haired. If there were 20 offspring, how many offspring would you expect to have long hair and how many would have short hair?




Step 1 Add the numbers in the ratio together: [image: ]




Step 2 Divide the total number of offspring by the number found in Step 1.


20 ÷ 4 = 5


This is how many each ‘1’ in the ratio represents.



Step 3 Multiply each number in the ratio by the value found in Step 2.


Therefore, we expect there to be:


3 × 5 = 15 long-haired offspring


1 × 5 = 5 short-haired offspring



2  The total input energy to a simple motor is 3000 J. The useful output energy is 1.8 kJ.



Calculate the motor’s efficiency.



Step 1 Write down what we mean by efficiency:


[image: ]



Step 2 Substitute the numbers: [image: ]



Notice that in this question we changed the 1.8 kJ to 1800 J. This is because when we calculate a ratio, both numbers must have the same unit.



Step 3 Do the calculation: efficiency = 0.6















[image: ] Guided questions





1  A compound contains 0.050 moles of phosphorus and 0.125 moles of oxygen atoms. What is its molecular formula?




Step 1 Write down the elements present and the moles of each underneath.


[image: ]



Step 2 To find the simplest ratio divide by the smaller of the number of moles.


[image: ]


Sometimes you may not get a whole number ratio at this stage, and often multiplying by 2 or another number is necessary.



2  A genetic cross was carried out to determine the expected offspring from breeding two fish together. In this species of fish, red stripes are dominant to orange stripes. One of the fish was heterozygous and had red stripes, and the other was homozygous and had orange stripes.



Use a Punnett square diagram to determine the expected ratio of offspring that have orange stripes to those that have red stripes.



Step 1 Use R for the dominant allele, and r for the recessive allele.


The red-striped parent has a genotype of Rr.


The orange-striped parent has a genotype of rr.



Step 2 This gives the following genetic cross:


[image: ]



Step 3 Expected ratio of offspring = …………………















[image: ] Practice questions





3  The current flowing in a resistor is measured when the voltage across it is changed and the results are recorded in a table, like the one shown below.


By calculating a suitable ratio, show that the voltage is directly proportional to the current.


[image: ]



4  Write the empirical formula of the following compounds








a  C16H20N8O4




b  Na2S2O3




c  C6H12O6




d  P4O10

















Balancing equations


In a balanced chemical equation, the substances are all in ratio to each other and this is shown by the numbers in front of each formula in the balanced symbol equation. For example, 2 moles of magnesium react with 1 mole of oxygen to produce 2 moles of magnesium oxide.


2Mg + O2 → 2MgO


The ratio is


2 moles Mg : 1 mole O2 : 2 moles MgO


Or in the reaction


2Al + 6HCl → 2AlCl3 + 3H2


The ratio between aluminium and hydrogen is


2 moles Al : 3 moles H2


The ratio between aluminium and hydrochloric acid is


2 moles Al : 6 moles HCl


which simplifies to


1 mole Al : 3 moles HCl


Ratios can be used in calculating the number of moles that react together in a reaction.






[image: ] Worked example





1  In the reaction 4Al + 3O2 → 2Al2O3









a  How many moles of aluminium are needed to produce 0.76 moles of aluminium oxide?




Step 1 Write down the ratio between the two substances using the equation and simplify.


Al : Al2O3



 4 : 2


 2 : 1



Step 2 Apply this ratio to the 0.76 moles of Al2O3



There are twice as many moles of aluminium so multiply by 2


0.76 × 2 = 1.52 mol



b  How many moles of aluminium oxide are produced from 0.2 moles of aluminium?




Step 1 Write down the ratio between the two substances using the equation and simplify.


Al : Al2O3



 4 : 2


 2 : 1



Step 2 Apply this ratio to the 0.2 moles of aluminium.


There is half as many moles of aluminium oxide so divide by 2


[image: ]















[image: ] Guided question





1  In the reaction N2 + 3H2 → 2NH3 how many moles of nitrogen are needed to react fully with 0.4 moles of hydrogen?




Step 1 Write down the ratio between the two substances using the equation and simplify.


N2 : H2



  1 : 3



Step 2 Apply this ratio to the 0.4 moles of hydrogen.


There is three times as much hydrogen as nitrogen so divide the moles of hydrogen (0.4) by 3.















[image: ] Practice question





2  In the reaction 2Cu(NO3)2 (s) → 2CuO (s) + 4NO2 (g) + O2 (g)








a  How many moles of O2 are produced from 4 moles of Cu(NO3)2?



b  How many moles of NO2 are produced from 0.6 moles of Cu(NO3)2?
















Estimating results






* Not explicitly required for WJEC/Eduqas Science Double Award.








When carrying out calculations, it can be useful to estimate the answer first. Estimates can mean that obvious mistakes are spotted quickly. Estimates can be simple guesses based on your experiences, or they can be based on quick calculations. For example, if somebody told you that the speed of an athlete is 100 m/s, a quick estimate shows you that they must be wrong as the world record for 100 m is just under 10 seconds.


Estimates can also help you see if you have entered the wrong number on your calculator, or divided instead of multiplying, as your estimate will show that your answer is clearly wrong. You can then re-check the calculation and correct your mistake.


When estimating, it is meant to be quick. This means you need to make the calculations as easy as possible. The best way to do this is to round each given value to the nearest ten, hundred or other convenient whole number. While your answer will not be the ‘correct’ number, it will be an approximate estimation of it.






Tip


While estimating is a useful skill that can help you check if a calculation is correct, in an exam it is important to use your calculator to find the value precisely and write this as the answer.








The first step, when estimating, is to convert the numbers to 1 significant figure (s.f.). So, for example, instead of multiplying by 112, we would multiply by 100. Instead of dividing by π (which is roughly 3.14), we would divide by 3. Rather than divide by 19.3, we would divide by 20, and so on.






Tip


If you are unsure of how to round to 1 significant figure see pages 23–25.












[image: ] Worked example


An area of the Amazon rainforest has suffered intense deforestation. The area affected was 33 km long by 1.89 km wide. Estimate the total area affected.


Step 1 For a quick estimation of the area, round both given values to make the calculation more straightforward.


33 km rounds down to 30 km.


1.89 km rounds up to 2 km.


Step 2 Perform the calculation with the rounded values.


This gives an estimated area of 30 km × 2 km = 60 km2


When a calculator is used to find the area using the values stated in the question, it gives an answer of: 33 km × 1.89 km = 62.37 km2


Clearly, the estimated and actual values are different: 60 km2 is not the correct answer, but our estimate is close.












Tip


Estimates can also help you spot obvious mistakes in your answers. For example, in this question, if you had pressed ÷ instead of × on the calculator, we would have got 17.46 km2, which looks wrong just from looking at it. We could then go back and correct the mistake.












[image: ] Guided question





1  In a chromatography experiment, a student found that a compound moved a distance of 8.2 cm and the solvent moved a distance of 19.6 cm. Estimate the Rf value and use it to decide if the compound is P, which has Rf value 0.4, or Q, which has Rf value 0.2.



Step 1 Write down the equation used to calculate Rf



[image: ]



Step 2 Round each distance to one significant figure


[image: ]



Step 3 Estimate the Rf value.















[image: ] Practice questions





2  Light travels at 3.0 × 108 m/s.


Estimate how long light would take to travel 400 000 km to the Moon and 400 000 km back again. Give your answer to the nearest second.



3  During the day, a person’s blood glucose concentration decreased from 6.3 mmol/L to 3.9 mmol/L. To estimate the percentage change in blood glucose concentration, a researcher did the following calculation:


[image: ]


Is this the best estimate the researcher could have made? Explain your answer.
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