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[bookmark: _Toc213330534]

Introduction
[bookmark: _Toc213330535]General Skills
The maths skills included GCSE science specifications are expected knowledge in Key Stage 3 and Key Stage 4 mathematics. However, students often find it difficult to transfer knowledge and understanding from one curriculum area to another. In some cases, students may not have learned a particular skill in maths before it is required in science lessons. Students may not recognise the terminology or method used in science lessons. They may not realise that they have already learned the same skill in maths.
[bookmark: _Teaching_tip]Teaching tip
Talk to the maths department in your school: 
· when do students cover these skills in maths?
· which methods and terminology are used in your school?
· can the maths department use science examples when they teach these skills? 
· which calculator are students expected to use in maths?

Examiners’ reports across all sciences consistently show that for numerical questions, candidates often write down a final answer without showing any working. Not only does this make it more likely that students will make a mistake, but compensatory credit cannot be awarded in the exam if the final answer is incorrect.
[bookmark: _Useful_references][bookmark: _Toc213330536]Useful references
· ASE's The Language of Mathematics in Science and The Language of Mathematics in Science: Teaching Approaches (free downloads) 
· ASE's The Language of Measurement: Terminology used in school science investigations (available to buy from Millgate and summarised in the our:
· Language of measurement in context: Biology
· Language of measurement in context: Chemistry
· Language of measurement in context: Physics
· Use of Calculators
· JCQ's FAQs - Using calculators (2023) within the JCQ Instructions for conducting examinations section 
· Free license for emulators for Casio calculators
· Grappling with Graphs (available to buy from Millgate). 


[bookmark: _Toc213330537]Chapter 1 - Number
Including skills: M1a, M1b, M1c, M1d, M2a, M2h, M3a
[bookmark: _Toc213330538]Decimal places and significant figures (M1a, M2a) 
Most students should be able to round a decimal number to a whole number or given number of decimal places. However, they may be less familiar with the term significant figures. When told to round to a set number of significant figures they may do what they know and round to that number of decimal places. It is therefore important to explain to students the meaning of significant figures and when it is appropriate to round in science. 
Common errors – significant figures
Common errors include:
· confusion between significant figures and decimal places, for example showing 110.1 to 3sf as 110.100
· inability to write answers in standard form to a set number of significant figures, for example omitting the power or giving the incorrect number of significant figures (as shown in J249/02 June 2023 Q22 (b)) .
[bookmark: _Toc213330539]Rounding
The general approach to rounding is that where the following number is 0-4 round down and for 5-9 round up. Students may need to round an answer to a specific number of significant figures or to the nearest whole number. 
Students should be cautious when rounding a number that has already been rounded and of rounding intermediate values during calculations. 
In some questions, students might be required to find out how much of something is needed, which is only available in units of a whole number. In this case they will need to round up, as they will not have sufficient if they round down. 
For example. If a decorator is using a paint which is only available in 10 litre cans. How many cans of paint should a decorator buy if they need 33 litres? 

As more than three cans are required, the decorator must round up and buy four cans as three would be insufficient.
On the other hand, in some situations the student must always round down. If the decorator has £50 to buy paint, and each can of paint costs £13 pounds, how many can they buy? 

Paint can only be purchased in whole cans, so rounding to the nearest whole number gives four cans. However, four cans of paint will cost 4  £13 = £52, so they don’t have enough money and can only buy three cans of paint. 
[image: Question paper extract ]Worked example – rounding to the nearest integer
J257/01 June 2022 Q14 (b)
· Refer also to the later section on ratios. Of every 117 turtles, one is male and 116 are female. Dividing the total by 117 tells us how many male turtles there will be. For every male turtle there are 116 female turtles so the total number of female turtles can be found using:
· Number of female turtles 
· But we cannot have 0.2 of a turtle (and in any case the answer should be given to the nearest whole number) so we round down to 17846.

[bookmark: _Toc213330540]Decimal places (M1a)
The number of decimal places to which a number is rounded states the number of places after the decimal point which are occupied by figures. Students may have started using decimals and rounding in Key Stage 2 maths. 
During practical work, this should also reflect the resolution of an instrument used. The same number of decimal places should normally be used through a single data column of collected data (unless the measuring instrument or it’s resolution has changed in the set of readings). 
[bookmark: _Toc213330541]Significant figures (M2b)
Students may have learned about significant figures in Key Stage 3 maths. The significant figures are those which are used to give a value to a required, or appropriate, resolution. In calculations, the number of significant figures in an answer should be equal to the smallest number of significant figures in any of the values used in the calculation. Students may be required to round an answer to a given number of significant figures.
[bookmark: _Worked_example_–_2][image: Question paper extract ]Worked example – significant figures from data
J249/02 June 2023 Q22 (b)
· units are checked
· values are substituted into the equation to give:


· the equation is rearranged to give:

· this is rounded to  (Hz) (2sf)
The examiners’ report for this question highlights common errors including omitting the power () and incorrect rounding.
Teaching tip - using a number line for rounding
Using a number line may support students initially. Number lines are straight lines with numbers evenly spaced and increasing from left to right. Positive and negative numbers, fractions and decimals can all be labelled on a number line. 
[image: Candiates work ]For example, rounding 126.64 to 4 significant figures and 3 significant figures: 
126.64 is closer to 126.6 than 126.7..
Rounding 126.64 to 3 significant figures gives 127 since 126.64 is closer to 127.0 than 126.0. 
[bookmark: _Toc213330542]Recurring numbers
In maths, recurring numbers are represented using dots over the recurring digits. In science, these should not be used in final answers to calculations. The number should be rounded to an appropriate number of significant figures. For example, 1.666… rounds to 1.67 (3sf) and 1.3̇333… rounds to 1.3 (2sf).
[bookmark: _Toc213330543]Leaving answers as a fraction
In maths, students are often required to leave their answer as a surd or as a fraction. In science, students should evaluate their work to give a decimal answer, unless the question indicates otherwise (e.g. probability of an outcome from a Punnett square). Students should ensure that they are able to change the settings on their calculator to give answers as a decimal. 
[bookmark: _Toc213330544]M0. (M1b)
Standard form is used to simplify numbers that are either very large or very small. For example, the mass of the electron is 0.000 000 000 000 000 000 000 000 000 000 911 kg but it is much more convenient to write 9.11  10-31 kg. The use of standard form together with significant figures not only simplifies calculations but also makes comparisons, presentations, and approximations much simpler. 
Numbers in standard form consists of a mantissa multiplied by an integer power of ten. The mantissa is at least 1, and always less than 10. For example:

The mantissa is 1.6 and the power of ten is -19.
The following would not be correct examples of standard form:
·  (as the mantissa is not less that 10)
·  (as the power of ten is not an integer)
[bookmark: _Unit_prefixes][bookmark: _Toc213330545]Unit prefixes
Some values of exponent have a unit prefix associated with them. In GCSE science, students are required to know the following and should be able to convert confidently between the prefix and equivalent power of 10. 
	[bookmark: _Hlk166589264]Number
	Power of ten
	Unit Prefix

	0.000000001
	10-9
	nano (n)

	0.000001
	10-6
	micro (μ)

	0.001
	10-3
	milli (m)

	0.01
	10-2
	centi (c)

	0.1
	10-1
	deci (d)

	100
0
	103
	kilo (k)

	1000000
	106
	mega (M)

	1000000000
	109
	giga (G)

	1000000000000
	1012
	tera (T)


Teaching tip – unit prefixes
Students may find it helpful to link the terms mega, giga and tera to their broadband speed Mb/s, phone data allowance GB, or disk capacity TB to remember the order of the prefixes. 
Teaching tip – standard form and calculators
When carrying out calculations involving standard form in science, students normally use a calculator. It is worth checking that they are using their calculator correctly when entering or reading numbers using standard form.
[bookmark: _Toc213330546]SI units
SI units (Système international d’unités) are a system of coherent units of measurement which start with seven base units of second (s), metre (m), kilogram (kg), ampere (A), kelvin (K), mole (mol) and candela (cd). Always encourage students to check the units before carrying out a calculation. To obtain an answer in an SI unit, the values entered should be in SI units. For example, to calculate work done in joules, the force should be in newtons and the distance moved in metres.
Note that the SI unit of mass is the kilogram. If an SI value is needed, grams, milligrams or micrograms should be converted to kilograms. Further prefixes are not added to kilograms, so we do not say, for example, megakilograms.
Where a quantity is given with a prefix and a unit, students may need to replace the prefix with the appropriate power of ten. For example if we measure that an object moved 75 cm, before calculating a speed in m/s we can rewrite the distance as 75 × 10-2  m. 
[bookmark: _Toc213330547]Order of magnitude calculations (M2h)
The order of magnitude of a number describes the exponent of a number given in standard form. When we want to compare a very large number with a much smaller one, it is useful to consider the difference in order of magnitude.
For example, 16 can be rewritten 1.6 ´ 101 so the order of magnitude is 1. Similarly, 160 can be written 1.6 ´ 102 so its order of magnitude is 2 and 0.16 is 1.6 ´ 10-1 so the order of magnitude is -1. Students should be reminded that 100 = 1 so numbers between 1 and 10 have an order of magnitude of zero.
	Number
	Order of magnitude

	0.001 < N < 0.01
	-3

	0.01 < N < 0.1
	-2

	0.1 < N < 1
	-1

	1 < N < 10
	0

	10 < N < 100
	1

	100 < N < 1000
	2

	1000 < N < 10000
	3


Common errors – order of magnitude
The concept of order of magnitude seems to be widely misunderstood, based on examiners’ reports, and may be a skill that requires further developing of student understanding.
[image: Question paper extract ]Worked example – order of magnitude
J250/02 June 2022 Q10
· The units (including their prefix) for both cells are the same and can therefore be ignored. 
· Human ovum diameter = 100 000 nm = 105 nm (5 orders of magnitude)
· HIV pathogen diameter = 100 nm = 102 nm (2 orders of magnitude)
· The human ovum is 5 - 2 = 3 orders of magnitude larger.
[bookmark: _Toc213330548]Fractions, percentages and ratios
[bookmark: _Toc213330549]Fractions and percentages (M1c)
Students may have encountered fractions and percentages in maths from Key Stage 1 onwards. In GCSE Science, students should be able to convert between equivalent fractions, decimal numbers and percentages. 
Students may also be competent in using their calculators to input fractions to perform calculations and convert to decimals.
For example:
 = 0.25 = 25% =  = 
If students can add, subtract and multiply simple fractions, they may grasp some concepts more easily. 
[bookmark: _Toc213330550]Multiplying fractions
When multiplying fractions together, the numerators should be multiplied together, and the denominators should be multiplied together:

For example, to find half () of two-thirds ():
 
A useful check is to ensure that the answer is smaller than the fractions in the question.
[bookmark: _Toc213330551]Adding or subtracting fractions
When adding or subtracting fractions, it is necessary for them to have the same (common) denominator. Then the numerators can simply be added or subtracted. Students are likely to have encountered the term lowest common multiple in maths. The lowest common multiple of the denominators is the common denominator. 

For example:
To find half () plus four-fifths ():


And four-fifths () minus half ():

[bookmark: _Toc213330552]Dividing fractions
Students will have learned to ‘multiply by the reciprocal’ when dividing one fraction by another. 

For example: 

Teaching tip - fractions
Examples of fractions in a science context may refer to parts of a whole, and students who find fractions challenging may find it useful to think about sharing and grouping objects. 

[bookmark: _Toc213330553]Percentages (M1c)
[bookmark: _Toc213330554]Calculating a simple percentage 
Students might be required to calculate a simple percentage. Calculating a percentage can make comparisons more straightforward than attempting to compare fractions. 
[bookmark: _Hlk167557775]
[image: Question paper extract]Worked example - percentage
J260/01 November 2021 Q2c
· The part of the whole here is 69 000 and the whole is 150 000. 
· 
Teaching tip – percentage button on calculators
If students have a ‘percentage’ button on their calculator, ensure that they are aware of its function. Some students may find it preferable to use the above approach which avoids its use. 
[bookmark: _Percentage_change][bookmark: _Toc213330555]Percentage change
Students might also be required to calculate percentage change. In this case, it is sometimes the concept of calculating the change that is the issue rather than calculation of the percentage.

For example, if the price of a packet of biscuits increases from £1.25 to £1.50. The change in the price is 25p (£0.25). 

If the price of cake has decreased from £3.00 to £2.50. The change in price is 50p (£0.50).

To calculate the size of an increase from the percentage change, the equation could be rearranged but alternatively proportional reasoning can be used. 
For example, the price of a can of fizzy drink has increased by 20% and its original price is 80p. 
· 100% of the original price is 80p
· 10% of the original price is 8p
· 20% of the original price 16p
· And the new price is the original price (80p) added to the price increase (16p) giving a total of 96p.
[image: Question paper extract ]Worked example - percentage
J260/07 June 2018 Q4 (a)
· This is a two-step calculation and proportional reasoning can be used:
· 27% (renewable) of total electricity generated is 83.3 TWh 
· 1% of the electricity generated is 
· 100% of the electricity generated is therefore 309 TWh
· 99.8 TWh (gas fired power stations) of electricity is (2sf)
Teaching tip – percentage change
Encourage students to work out the value of the change, and whether it is an increase or a decrease, before calculating percentages.
[bookmark: _Toc213330556]Missing percentage
Students might also need to find a ‘missing percentage’ from a list of values, and it is important that they remember that the percentages add up to 100%.
Worked example – missing percentage
[image: Question paper extract ]J260/02 November 2021 Q9 (a) (i)
· In this case, the other values in the missing percentage column should be added together and subtracted from 100%.
· Mass of other gases 4 billion years ago = 100% – (20% + 50% + 3%) = 100% – 73% = 27%




Worked example – percentage by mass
[image: Question paper extract ] J260/04 June 2022 5 (c)
· The table added shows the mass of each element in one molecule of CaCO3. Adding them together the total mass for CaCO3 can be found to be 100. 
	Ca = 40

	C = 12

	O3 = 3  16 = 48

	CaCO3 = 40 + 12 + 48 = 100







· The percentage by mass of calcium in calcium carbonate can then be found:
· 


[bookmark: _Toc213330557]Percentage yield
Worked example – percentage yield
[image: ]J248/02 June 2018 Q17 (c)
· [bookmark: _Ratios_(M1c)]
· 

[bookmark: _Toc213330558]Ratios (M1c)
Ratios are used to make comparisons. They may have been taught from Key Stage 2 in maths. 
[image: Question paper extract ]Worked example – calculating a ratio
J260/01 June 2022 6 (c)
· Planted area = 150 km2, target area in 2020 = 300 km2
· The ratio is therefore 150 : 300 
· This simplifies to 1 : 2.
Worked example – using a ratio
[image: Question paper extract ]J260/02 June 2018 Q4 (d)
· Using proportional reasoning: 
· 10.0 g of copper sulfate requires 4.0 g of copper oxide
· 100 g of copper sulfate requires 40 g of copper oxide (multiplying by 10)
· 1 000 g (1 kg) of copper sulfate requires 400 g or 0.4 kg of copper oxide (multiplying by 100 and converting g to kg)
· 5 kg of copper sulfate requires or 2 kg of copper oxide (multiplying by 5) 
· As students become more proficient with proportional reasoning, they may not need to write out as many steps. This technique can also be used to work out or check an equation (see Chapter 3 Algebra). 
· Using a ratio approach, we are told that 10.0 g of copper sulfate requires 4.0 g of copper oxide so the ratio copper oxide : copper sulphate = 4 : 10 = 2 : 5 
· Ratios are often between quantities of the same units. Where this is the case, the ratio is unitless.
Common errors – ratios
Students can have difficulty in identifying the correct values to use, leading to a range of incorrect calculations using the values in questions.
Teaching tip - ratio
It might help students to consider something more familiar like making a glass of squash. The instructions are to add 200 cm3 of water to 50 cm3 of cordial. They want to make a 1 litre jug of squash – how much cordial and how much water should they use?
A proportional reasoning approach can be used for this type of problem:
· 250 cm3 of squash requires 50 cm3of cordial mixed with 200 cm3 of water 
· 500 cm3 of squash requires 100 cm3 of cordial mixed with 400 cm3of water
· 1 l (1 000 cm3) of squash requires 200 cm3 of cordial mixed with 800 cm3 of water.
Using ratio notation:
· Cordial : water = 50 : 200 = 1 : 4
This idea can then be applied to a chemistry ‘recipe’.
[bookmark: _Toc213330559]Surface area to volume ratio
Surface area to volume ratio is treated as a unitless at GCSE, although students should ensure that the volume and surface area both use the same units for length. Area and volume calculations may have been developed since Key Stage 2. However, surface area to volume ratio has some specific applications within GCSE science. These include considering organism size and transport, exchange surfaces (lungs, kidneys, gills etc.), reactions rates and nanoparticles. Note that surface area and volume are discussed separately in Chapter 5 - Geometry.
[bookmark: _Hlk167728695][image: Question paper extract]J260/01 Sample question paper 6 (b)
· So long as the length units used in calculating the surface area and volume are the same, it is not necessary to convert them. 
· For model A: 		
· For model B:		

[bookmark: _Toc213330560]Estimation (M1d) 
Estimations are made in maths to enable students to check that their answer is within range. This skill may have been developed through Key Stage 1, 2 and 3 in maths. 
To estimate a calculation each number is rounded to 1 significant figure.
For example:

Use of a calculator will show the answer to be 3.8. 
Making an estimate will enable a learner to judge if they have calculated a sensible answer. For example, it is useful to check if they are expecting a positive or negative number, and if they are expecting a number less than 1. 
In science the term estimation is used more widely. It may be that the data is rounded as above to simplify calculation and check that an answer is realistic. Sometimes when the data being used in the calculation is approximate, the answer will be an estimate of the true value. For interpolation and extrapolation see Chapter 4 Graphs.
Worked example - estimation
[image: Question paper extract ]J260/06 June 2023 Q5 (b)
This is an estimate as both values given in the question are approximate. 

 

[bookmark: _Toc213330561]Recall and estimation of typical speeds
In physics, students must recall typical speeds. They may find it easier to recall these in the units with which they are familiar, such as miles per hour (mph). However, they will need to be able to convert between units. Proportional reasoning can be used, but students need to know how to convert to kilometres (or metres) from miles and how many seconds there are in an hour. Since a kilometre is about  of a mile, a mile is approximately 1.6 km (1.609 km) or 1 600 m. Students should be able to calculate that there are 60 (minutes in an hour) ´ 60 (seconds in a minute) = 3 600 seconds in an hour.
For example, typical walking speed is: 





	Activity
	Typical speed (varying units)
	Typical speed (m / s)
	Prompts

	Walking
	3 mph
	1.3
	How far can you walk in an hour?

	Running
	10 m / s
	10
	How fast does an Olympic sprinter run?

	Car in town 
	30 mph
	13
	What is the speed limit in town?

	Cycling
	15 mph
	6.7
	How fast do cyclists travel compared to cars?

	Car on a motorway
	70 mph
	31
	What is the speed limit on the motorway?

	Passenger jet plane
	550 mph
	240
	

	Speed of sound in air
	340  m / s
	340 
	


Teaching tips – recall and estimation of typical speeds
· Students may be able to use familiar contexts to help. The prompts in the table may help. They could also consider (or with appropriate risk assessment carry out some investigation) into how quickly they can walk 10 m or 100 m. 
· Students might be required to use these estimates during the calculation of accelerations and forces. Some students may be aware of accelerations for vehicles given as 0 – 60 mph in, say, 5 s. This can be used to find an approximate acceleration. 
[bookmark: _Toc213330562]Estimating a population
In biology, students may be required to make an estimate of a total population. 
Where a quadrat has an area of 1 m2, the average number of individuals from the samples can be multiplied by the area being sampled to calculate the total population.
Quadrats may be in sizes other than 1 m2. In school 0.5 m  0.5 m quadrats are common. A common error is for students to think that these have half the area of a 1.0 m 1.0 m quadrat. However, the area of this smaller quadrat is 0.25 m2 so a 1 m2 quadrat is four times the area.
Worked example – estimating population with a 1m2 quadrat
There are 5 daisy plants on a patch of grass 1 m  1 m. Estimate the number of daisies on a school field 500 m  500 m. 
The area of the school field is 500 m  500 m = 250 000 m2
If there are 5 plants in an area of 1 m2, 
There will be 5  250 000 = 1 250 000 plants in an area of 250 000 m2.
Worked example – estimating population with a 0.5 m2 quadrat
[image: Question paper extract ]J250/02 June 2022 Q16 (a) (ii)
· Average number of daisies counted  per 0.25 m2
· There are 4  11 = 44 daisies per 1 m2
· Area of lawn = 5 m  3 m = 15 m2
· 15 m2  44 = 660
· Alternatively, students can calculate this by: .


[bookmark: _Toc213330563]Mathematical symbols (M3a)
While students will be familiar with some mathematical symbols note that GCSE (Key Stage 4) Mathematics does not currently require << or >>. The symbols =, ≠, , ≤, ≥ may have been taught in Key Stage 3 maths.
	Symbol
	Meaning

	=
	Equal to

	<
	Less than

	<<
	Much less than

	>
	Greater than 

	>>
	Much greater than

	
	Proportional to

	
	Approximately equal to


Teaching tip – mathematical symbols
If students find it difficult to distinguish between < and >, it may help them to think of the symbol as open jaws, which are directed towards the larger number, whilst the pointed end is directed towards the smaller number. 
Worked example – mathematical symbols
[image: Question paper extract ]J260/01 June 2023 Q2 (b) (iii)
· The mean of group 3 is 4, whilst the mean of group 4 is 5. Since 5 is greater than 4, the open jaws should be directed towards ‘mean of group 4’ so the bottom answer is correct.


[bookmark: _Toc213330564]Chapter 2 Handling Data
Including Skills M2b, M2c, M2d, M2e, M2f 
[bookmark: _Mean,_Median_and][bookmark: _Toc213330565]Constructing Tables
The rules for constructing tables are similar whether the table is for practical data or statistical data. The following guidelines should be followed:
· data should be presented in a single table with ruled lines and a border
· the independent variable should be in the first column and the dependent variable (for quantitative observations) or descriptive comments (for qualitative observations) in columns to the right 
· processed data (e.g. means, rates) should be in columns to the far right
· only calculated values should be shown in the table (and not calculations)
· each column should have a heading with informative description (for qualitative data) or physical quantity and correct units (for quantitative data). 
· units should be separated from the physical quantity using brackets
· units should only be in the column headings (and not in the body of the table)
· raw data should be recorded to the appropriate resolution of the measuring equipment (usually to the same number of decimal places) 
· processed data should be recorded to up to one significant figure more than the raw data.
There are various examples of tables within the following sections.
[bookmark: _Toc213330566]Mean, Median and Mode
Students may have learned the mean, median and mode in Key Stage 3 maths (and the mean in Key Stage 2). Each is a different way of finding the ‘typical’ value of a set of data. 
[bookmark: _Toc213330567]Mean (M2b, M2f)
The mean, or arithmetic mean, of a data set of n values can be found by adding the numbers together and dividing the answer by n (the number of data values). Students sometimes refer to this as the ‘mean average’. Students are often required to find the mean of a set of data collected during practical work. 
Outliers in results might skew the mean. Students should be aware of anomalous results recorded during investigations and process them appropriately. This may mean retesting or discounting anomalous results in practical work.
Teaching tip – significant figures for the mean
When finding the mean of data collected during practical work, often the answer should be given to the same number of significant figures as the collected data, although there are situations where it seems more sensible to give the answer to one more significant figure than in the recorded data (for example, LOMIS describes finding the mean mass of grapes having measured ten grapes to 1 significant figure).
Worked example – calculating the mean
[image: Question paper extract ]J260/03 Physics June 2018 Q6 (c) (i)
·  cm3
· Note that 44 (cm3) would have been given credit.

[bookmark: _Toc213330568]Median (M2f)
The median of a data set is the middle value of the distribution. It can be found by writing the numbers in numerical order and selecting the one that lies in the middle. If there is an even number of values, the median is found by taking the mean of the middle two. 
Worked example – median 
[image: Exam question from J250/01 June 2022 Q11 (c) (i)]
J250/01 June 2022 Q11 (c) (i)
· Writing the reaction times out in (increasing) numerical order: 0.24, 0.26, 0.27, 0.29, 0.34
· There are 5 values and the middle one is 0.27, so this is the median. 


[bookmark: _Toc213330569]Mode (M2f)
The mode is the number which occurs most frequently within a data set of discrete values. 
[bookmark: _Hlk166593737]Worked example – mode
[image: Question paper extract ]J250/01 June 2023 Q4
· 0.3 occurs four times, 0.4 and 0.5 occur twice each and 0.6 occurs once. Since 0.3 mm occurs most often, this is the modal value. This corresponds to A.
Teaching tip – identifying the mode / modal range
Students might find it helpful to draw a tally chart in order to identify the mode or modal range (in the case of a histogram).
[bookmark: _Toc213330570]Range of a data set
[image: Question paper extract ]The range of a data set is the difference between the largest and smallest values. In the table below (and repeated from the previous section), the range for the cell size is 0.6 mm – 0.3 mm = 0.3 mm. 

Worked example – range
[image: Question paper extract ]J260/02 2018 Q8 (d) (ii)
· The range is from a minimum of 22.1 (cm3) to a maximum of 23.5 (cm3) so the range is:
· 
· An answer of 22.1- 23.5 (cm3) was also accepted.
[bookmark: _Toc213330571]Analysing and Interpreting tables of Data (M2c)
Analysis and interpretation of data might be quantitative or qualitative. 
Students might be required to:
· carry out a calculation either to complete the table or to answer a question
· find percentage change (refer to Chapter 1 - Percentage Change)
· find the mean, median and/or mode of a data set (see above)
· choose a correct statement or write a statement about the data themselves
· predict missing data (e.g. for properties of elements in groups of the Periodic Table)
· describe a trend or pattern in the results.
Students should always refer to the data in the table in their answer, rather than making general statements. It might be necessary to carry out a calculation before commenting on the results. 
[image: Question paper extract ]Worked example – choosing a correct statement about data
J260/04 June 2018 Q5 (a) (i)
[image: Question paper extract  - example of additional information added ]A strategy that can be used here is to add additional information to the table, working through each statement in turn. For example:
· Statements 1, 3 and 4 simply compare densities, and are incorrect. PET has a higher density than sea water and will eventually sink. 
[bookmark: _Toc213330572]Sampling and Populations (M2d) 
The term population is used in everyday life to refer to a group of people, animals or plants with something in common such as location. However, a statistical population can refer to any object or event being counted. Sampling techniques are used to make estimates where it is impractical to count individuals in a population. 
For example, in a biscuit factory it is not possible to test every biscuit as they could not then be sold, so a sample of the biscuits made is tested to ensure that quality is maintained. In this case the more samples that are taken, the fewer biscuits that there are remaining to be sold, but if too few biscuits are tested changes in the process may not be picked up quickly enough. Sampling must also ensure that it is representative of the range of biscuits that are being produced (such as accounting for all production lines and any changes to ingredients).
To ensure that results are not biased and are more representative of the whole population, a sample technique should be used. This will make the resulting data more valid. 
Students might be asked to comment on the sampling technique used and its effect on the results, or to calculate the percentage of the population that has been sampled.
[bookmark: _Toc213330573]Random sampling
Random sampling involves sampling an area randomly, e.g. by placing quadrats in random positions. 
Selecting the quadrat positions without a strategy could lead to bias in the positioning (as exemplified by the worked example below). 
Random positions can be produced by using a grid (such as tape measures at right angles to each other). Random number generators can then be used to produce the co-ordinates to be sampled, such as this function on a calculator. 
[bookmark: _Toc213330574]Line transects
In biology, there is also the special case where a line transect is used. Whereas random sampling uses a grid to place quadrats over a large area, a transect places the quadrats in a line to enable comparison of populations subject to different conditions e.g. the effect of shade by a tree on the types of plants growing in a field. This allows patterns in the distribution of organisms to be seen.
The samples along a transect may be taken at regular intervals. Multiple samples may be appropriate parallel to the transect (e.g. moving away from the sea) or in a radial pattern (around a tree).
In some situations, sampling will need to account for clear differences in the area being sampled and an appropriate strategy to account for this may be needed. For example, one area of a field may visibly be very different to another so samples and resulting estimates should account for this.
Worked example - percentage area when sampling
[image: Question paper extract ]J247/02 June 2019 Q19 (c)
· Student A has taken 10 samples whilst student B has taken 8 samples. 
· Each sample is 0.25 m2.
· The whole area of the salt marsh is 2 500 m2. 
· Student A took 10 samples of 0.25 m2 = 2.5 m2.
· The percentage of the population sampled by student A 
[image: Question paper extract ]Worked example – comparing sampling techniques
J247/02 June 2019 Q19 (c)
· It can be seen that student B has taken fewer so their sample is likely to be less representative of the whole field and will give a less valid estimate of the population (8 samples x 0.25 m2 = 2.0 m2).
· Student B hassampled towards the middle of the field, whereas student A’s samples are spread across the field. 
· This means that student A’s samples may be more representative of the whole field. This makes student A’s result less biased and more valid.

[bookmark: _Toc213330575]Simple Probability (M2e)
In biology, students may be asked to make probability calculations and to interpret their meaning. 
It is important that students are able to distinguish between probabilities given as a percentage and probabilities given as a decimal or fraction, where a probability of 1 is a certainty. 
Teaching tip – interpreting risk from probability
Students may not always understand the meanings of probabilities, for example: 
· a probability of 1 (or 100%) means that something is certain. 
· A probability of 0 (or 0%) means that something is an impossibility.
Checking and addressing pupil understanding of the meanings of probabilities may be important for some students.
[bookmark: _Toc213330576]Calculating probability
Probability can be calculated using this equation:

Students may be asked to give their answer as a percentage or decimal.
Worked example – calculating probability
[image: Question paper extract ]J257/04 June 2023 Q3 (c)
· The number of possible outcomes is 200 as there are 200 trees. 
· Eighty of the trees have lumps on their trunks, indicating crown gall disease, so the number of events is 80. 
· 
· Note that 40% or  would also have been accepted.


[image: Question paper extract ]Worked example – calculating number of occurrences of an event
J260/05 June 2022 Q 8 (b)
· The probability of having the mutation is 0.3. 
· The probability of not having it is 1 – 0.3 = 0.7. 
· Since the answer is to be given in terms of billions of people, it is not necessary to convert to standard form.
· 
· 
Note that calculating the number of estimated people with the mutation and subtracting this from 5.85 billion would give the same answer.

[bookmark: _Toc213330577]Punnett squares
A Punnett square can be used to predict the possible outcomes of genetic crosses. In the exam, students might be asked to draw a Punnett square, to complete one or to interpret data from one. 
There are other diagrams which can be used to predict genetic outcomes so students should read the requirements of the question carefully.
Family trees may also be given for students to interpret.
Worked example – Punnett square and probability
[image: Question paper extract ]J260/05 June 2019 Q4 (a)
One parent has the disease and has alleles Hh or HH (this has not been defined).
The other parent who does not have the disease has alleles hh. 
The alleles for each parent are placed in the two left and two top boxes (leaving the top left box empty). This can give two correct answers (noting that the alleles could be the opposite way around with the boxes completed to match):
	
	H

	h

	h

	Hh
	hh

	h

	Hh
	hh


Hh appears in 2 of the 4 boxes so there is a  =  = 50% expectation of Huntington’s disease phenotypes. 
	
	H

	H

	h

	Hh
	Hh

	h

	Hh
	Hh


Hh appears in 4 of the 4 boxes so there is a  = 100% expectation of Huntington’s disease phenotypes. 
Teaching tip
Students may need practice to correctly complete the squares. Work can be scaffolded from filling in the combinations (or some of them) through to drawing the entire Punnett square.
If students have used multiplication grids in maths they may find a useful comparison to build on.
As there are limited patterns in the outcomes students may start to anticipate outcomes as they become more confident, though showing working is still advisable (and may be required by a question).








[bookmark: _Chapter_3_Algebra][bookmark: _Toc213330578]Chapter 3 Algebra 
Including skills M3b, M3c, M3d
Students may have encountered algebra from Key Stage 2 onwards, including Key Stage 3 science, but may not be confident rearranging equations, substituting numerical values and finding solutions in science contexts. In addition to the skills they have learned in maths leaners also need to ensure that the variables have consistent physical quantities. For example, when using:

speed in metres per second (m/s) would need to be calculated from distance in metres (m) and time in seconds (s).
[bookmark: _Toc213330579]Equations and formulas
While ‘equation’ and ‘formula’ have different meanings, for the purposes of GCSE science they can be considered as interchangeable. There is further discussion in ASE’s The Language of Maths in Science (2016, p.87) which is a free download.
Note that the plural of formula may be seen as ‘formulae’ though it is increasingly common to use ‘formulas’.
[bookmark: _Toc213330580]Getting started 
Encourage students to highlight or underline values in the question, where appropriate in the question stem. They should include what they are trying to find out before identifying which equation to use. Students may also find it helpful to write the values out again, checking the units as they go, though care will need to be taken not to introduce transcription errors.


[bookmark: _Toc213330581]Interpreting written information
Sometimes values will need to be interpreted from the written information given in the question, rather than a value given in numerical form. Examples include: 
	Information provided
	Interpreted number value

	A falling object on Earth
	Acceleration (towards Earth) = 10 m / s2

	An object accelerating from rest
	Initial velocity = 0 m / s

	An object comes to rest (or stops)
	Final velocity = 0 m / s

	A stationary object 
	Velocity = 0 m / s

	An object decelerates at 2 m / s2
	Acceleration = -2 m / s2 (N.B. negative value)

	Mains electricity in the UK
	Frequency = 50 Hz

	
	Potential difference = 230 V

	Melting ice*
	Temperature = 0 C 

	Boiling water*
	Temperature = 100 C


*At sea level (1 atm).
[bookmark: _Toc213330582]Checking physical quantities
Having highlighted or underlined values students should check that the physical quantities (units) are consistent. Conversions should be carried out if necessary, so that the final answer matches the unit given to the right of the answer line, or the unit used by the student if a unit is not given.
[bookmark: _Toc213330583]Selecting an equation
The student should then select the correct equation from the relevant equation sheet (links below) or from recall, as appropriate. Teachers may wish to scaffold learning by providing useful equations which are not on the equation sheet while students are developing their skills in the classroom. 
[bookmark: _Physics_Equation_sheets]Physics equation sheets
Equation sheets have changed across the lifetime of the current specifications and may be updated each year. Teachers should check for any updates for each upcoming series. Teachers should also consider the potential impact of different equation sheets upon the grade boundaries for historic series when using them for assessment (e.g. mock examinations).
Equation sheets can be found in Teach Cambridge and the OCR website, in the assessment section (under question papers and mark schemes). The links below are for the assessment section of the GCSE science qualifications on the website:
· Combined Science A (Gateway Science - J250)
· Combined Science B (Twenty First Century Science - J260)
· Physics A (Gateway Science – J249)
· Physics B (Twenty First Century Science – J259)
[bookmark: _Toc213330584]Substituting into equations (M3c)
Next, the student will need to substitute the values into the equation and may need to rearrange the equation so that the required value is the subject.
Although an experienced physicist rearranges first, substituting numbers into the equation before rearranging can have several benefits including: 
· the number of terms which need to be rearranged may be reduced and students may be able to see more clearly how to rearrange the equation
· some students are less likely to rearrange an equation incorrectly if they see numbers rather than letters. 
This can be exemplified when calculating the extension of a spring, with spring constant of 100 N/m and 0.5 J of energy transferred. 
Rearranging first would require the following steps (or a variation of them):







Substituting first would involve the following steps (or a variation of them):






[bookmark: _Toc213330585]Rearranging equations (M3b)
There are many methods for rearranging algebraic equations and it is important that students see the same method in both maths and science (see the teaching tip in the introduction). Methods for rearranging equations include the balancing method, transposition (change side, change sign), bar model and double number line. Function machines have limitations which make them less useful in science.
[bookmark: _Toc213330586]Balancing method
The principle of this method is that whatever you do to one side of the equation, you also do to the other side. This method does not have the limitations of some of the other methods.
[bookmark: _Worked_Example_–]Worked example – balancing method 
[image: Question paper extract ]J250/05 June 2018 Q16 (b)
The values from the question are:
· Potential difference = 1.5 V + 1.5 V = 3.0 V
· Resistance = 6.0  
· Current = ? A

· write out the equation: 	
· substitute the values:		
· divide both sides by 6:	
· treat  as 1: 		
· [bookmark: _Worked_Example_–_1]solve (and include the unit): 	
[bookmark: _Toc213330587]Transposition (‘change side, change sign’)
This method is similar to the balancing method but cancelling is carried out before writing the terms down. This approach can enable a quicker process of rearranging but may mean that students lack some understanding of what they are doing if the underlying algebra is not taught. A hybrid of both methods is sometimes used to show the operation which has been carried out between steps.
Worked example – transposition method
Using the previous worked example:
· write out the equation: 	
· substitute the values:		
· divide both sides by 6:		
· solve (and include the unit): 	
[bookmark: _Toc213330588]Solving equations (M3d)
Before solving it may be helpful for the student to consider the expected range of the answer, based on the values being used and possibly knowledge of the context of the problem they are solving.
The equation should then be solved, with consideration of whether the answers is within the estimated range, as far as possible. 
Where the unit is given students should check that their answer is calculated with the correct values to give an answer in this unit. Otherwise, students should check that they are giving answers in the correct unit for the values they have used.
[bookmark: _Hlk158803794]Common errors
Examiners’ reports often indicate that students who do not show working miss the opportunity for compensatory marks, and that students who do show working often achieve higher marks on their calculations. 
Students do not always select the correct equation, highlighting the need to develop this skill. 
[bookmark: _Toc213330589]Scaffolding approaches to algebra for students
Students are likely to benefit from a scaffolding approach to algebra. The approach may need to be modified for stages in the complexity of questions from Key Stage 3 onwards. Students may eventually be confident in working without the written scaffold in place.
[bookmark: _Toc213330590]Formula triangles and their limitations
Use of the formula triangle persists despite its limitations. It cannot easily be used where there is a term that is added or subtracted, where there are more than three terms in the equation or one of the terms is raised to a power. Forming the triangle from an equation adds an unnecessary step, where mistakes can occur, and the scientific meaning of the equation is lost. It is only of use for simple products or fractions and when faced with a more complex problem students do not have experience of solving equations to support them. Students should be encouraged to use proportional reasoning and substitute first rather than immediately turning to a triangle.
[bookmark: _Toc213330591]Using acronyms to scaffold algebra
Students should always set their work out logically. There are various acronyms which can scaffold a consistent approach. Consistency in this approach across a department may also be beneficial for students.
	ESAU
	
	
	ENAU
	
	
	FIFA
	

	E
	Equation
	
	E
	Equation
	
	F
	Formula

	S
	Substitute
	
	N
	Number
	
	I
	Insert

	A
	Answer
	
	A
	Answer
	
	F
	Fine tune

	U
	Units
	
	U
	Units
	
	A
	Answer


[image: Question paper extract ]Worked example – using FIFA to scaffold algebra
J260/03 November 2021 
The values from the question are:
· Initial length = 5.0 cm
· Length under load = 8.5 cm
· Force = 7.7 N
· Extension = ? cm
· Spring constant = ? N / m

· The extension of the spring can be calculated as:



· However, the question asks for the answer in metres:
 = 0.035 m or use of a power of ten for the prefix 3.5 x 10-2
Refer to ‘Unit prefixes‘ in Chapter 1.
	F (formula)
	


	I (insert values)
	


	F (fine tune)
	At this point the student should check that the units are the same as required in the answer, and for example calculate the extension as required in this example, if they have not already done so earlier in the question.


	A (answer)
	



[bookmark: _Toc213330592]Further strategies to support algebra
[bookmark: _Toc213330593]Using proportional reasoning
Proportional reasoning (as previously described in Chapter 1 – Percentage change) may eliminate some of the need for students to rearrange algebraic equations. It provides them with a method to check their units and retains the meaning of the equation. 
A list of different units for speed – m / s (metres per second), mph (miles per hour), km / h (kilometres per hour) shows that they are all a unit of distance per unit of time. Per means every, so the units m/s mean that a certain number of metres are travelled every second.   
For example, if a cat walks 20 metres in four seconds, how far does it travel every second?
· 20 metres in four seconds
· 10 metres in two seconds
· 5 metres in one second
· 5 metres every second
· 5 metres per second
· 5 m/s 


The student has arrived at the speed without rearranging an equation or using a calculator.  
Similarly, we can apply proportional reasoning to find distance travelled if we are given the speed and time. If the cat starts to run at 8 m/s how far would it run in five seconds? 
· 8 m/s means 8 metres per second or 8 metres in 1 second 
· 16 metres in 2 seconds 
· 24 metres in 3 seconds
· 32 metres in 4 seconds
· 40 metres in 5 seconds
Teaching tip – checking equations 
Students should be encouraged to look for the connection between the key quantities of distance, time and speed. How did they get from 20 m in four seconds to 5 m/s? They divided the distance by the time to find the speed, giving them a way to check equations.  
Students can look for the connection between speed and time to find the distance travelled. They have multiplied the speed (or the number of metres travelled in every second) by the time taken and have derived the equation  distance themselves. This method can also be applied to equations with more terms. 
Worked example – mass of solute in a solution (proportional reasoning)
[image: Question paper extract ]J250/09 November 2020
· Relative formula mass of NaOH is 40.0 so 1 mole has a mass of 40.0 g 
· 5 x 10-3 moles of sodium hydroxide has a mass of 5 x 10-3 x 40.0 = 200 x 10-3 = 0.2 g
· If 0.2 g of sodium hydroxide is dissolved in 250 cm3 of water,
· The mass of sodium hydroxide in 25 cm3 (one tenth of 250 cm3) of solution is 0.02 g (one tenth of 0.2 g). This corresponds with B.
The use of the double number line and block model, which provide a visual representation of proportional reasoning will be covered later in this chapter.
[bookmark: _Toc213330594]Using familiar concepts 
Where unfamiliar contexts are used in conjunction with algebra this may add to the challenge for students. Using familiar contexts to introduce the algebra may help to support students as they develop their ability to answer questions.
For example, students can be taught the more complex concept of specific heat capacity and how to calculate it using everyday items such as food labels. These often have the mass of the food, the heating time and power for microwave cooking. For food safety reasons, food is cooked in the microwave to achieve a temperature of at least 75 °C.
Worked example – specific heat capacity (using familiar contexts)
It is recommended that a 600 g pot of soup is cooked in a microwave at 800 W for 5 minutes. Find the specific heat capacity of soup. Assume that the soup was stored in the fridge at 5 °C and is heated to 75 °C.
The values are:
· Mass = 600 g = 0.6 kg
· Power = 800 W
· Time = 5 minutes = 5  60 seconds = 300 s
· Initial temperature = 5 °C
· Final temperature = 75 °C
While the equation for specific heat capacity could be used, the solution can also be found using proportional reasoning and the simpler energy equation:





· Energy is 400 J to heat every gram by 70 °C (divide by 600)
· Energy is 5.71 J to heat each gram by 1°C (divide by 70)
· Energy is 5 710 J (3sf) to heat every kg by 1 °C (multiply by 1 000)
· Specific heat capacity of the soup is 5 710 J / kg °C (3sf)
Comparing our answer to the specific heat capacity of water, 4200 J / kg °C, and finding that it is similar, suggests that our approximate answer is about right.
[bookmark: _Toc213330595]Using a double number line
Double number lines can be used most effectively when applied to ratios or problems involving multiplication or division. 
Note that it is important to ensure that the relationship is proportional. This method could easily lead to confusion if a student attempted a multiplicative conversion between the two lines rather than along them. 
Worked example – cell magnification (using a double number line)
The magnification of an image of a bacterium is not known. The length of the bacterium in the image is measured with a ruler to be 46 mm. The actual (real) length of the bacterium is known to be 3.5 m (3.5 x 10-6 m or 0.000 0035 m).
[image: Candidate work ]
To construct the diagram: 
· [bookmark: _Hlk168911449]first mark 1 m and 3.5 m on the upper line
· on the lower line 46 mm should be marked, lining up with 3.5 m
· the jump from 3.5 m to 1 m is then worked out – in this case divide by 3.5 
· this can then be used to find the ‘jump’ on the lower line – divide 46 by 3.5 
· we can now see that a 1 μm (= 0.001 mm) object would have an image size of 13.143 mm 
· there are 1 000 m in every mm so the image size is (x 1 000) 13 143 m  
· the jump from 1 m to 13 143 m is x 13 143 and this is the magnification.  
[bookmark: _Toc213330596]Using the bar model 
The bar model provides a visual representation of the equation using bars which represent the values. 
Worked example – circuit equation (using the bar model)
Note the use of the same example as in the balanced method above, allowing comparison between the methods.
[image: Question paper extract ]J250/05 June 2018 Q16 (b)

The values from the question are:
· Potential difference = 3.0 V
· Resistance = 6.0  
· Current = ? A
The potential difference and resistance are represented as shown below (with the trailing point zeros removed for simplicity). 
	3 V

	6 Ω



	1 V
	1 V
	1 V

	2 Ω
	2 Ω
	2 Ω


This shows that there is one volt of potential difference for every two ohms of resistance. Therefore the current is 0.5 A.


[bookmark: _Hlk168302090][bookmark: _Chapter_4_Graphs][bookmark: _Toc213330597]Chapter 4 Graphs and Charts
[bookmark: _Hlk162708243]Including Skills M2c, M4a, M4b, M4c, M4d, M4, M4f 
[bookmark: _Toc213330598]Constructing graphs and charts
For a more detailed discussion of graphing for 11-16 please see ASE’s ‘Grappling with Graphs’ and ‘Language of Mathematics in Science’ which are referenced in the Useful references section of the Introduction.
Students will have plotted many graphs from Key Stage 2 onwards. However they may need to further develop skills in choosing the most appropriate graph for their data, finding appropriate scales (since the data that they have collected may not fit neatly onto the grid lines) and using graph paper.
Common errors – constructing graphs and charts
Issues with constructing graphs and charts include:
· omitting quantities or units from axis labels
· reversing axes
· non-linear scales (particularly the y-axis)
· sketching or connecting points for the line of best fit
· placing a line of best fit thought the origin when it is not appropriate to do so or failing to include the origin when it is plotted as a data point
[bookmark: _Toc213330599]Choice of Graph
In science, a graph or chart is often used to look for a relationship between data or to facilitate comparison. When deciding which type of graph or chart to use, the type of data should be considered first. 
	Independent data type
	Description
	Example

	Continuous
	numerical values which can have any value in the range
	Potential difference across a component in a circuit

	Discrete
	numerical data but can only have certain values
	Shoe sizes of a group of people

	Categorical
	data which can be divided into groups based on categories
	Hair colour of a group of people


A scatter graph or line graph can be used when independent and dependent data is continuous.
Histograms can be used for grouped data and some processing of collected data into groups may be needed first.
Bar charts are used when the independent variable is discrete or categorical (and the dependent variable is numerical). 
Pie charts are used where the relative size of each category is important.
	Type of chart and key features
	Example

	Pie Chart
The circle represents all of the data with each segment representing the fraction of the whole for each category.
Construction with a protractor is not required in the exam.
	Type of polymer found in plastic litter samples
[image: A pie chart -  Type of polymer found in plastic litter samples]
J260/04 June 2018 Q5 (a) (iii)

	Bar chart
Bars are of equal width with spaces of consistent width between them. 
The height of the bar represents the time, in number of years, for each type of plastic litter to break down.
	Time taken for different types of plastic litter to break down in the sea
[image: A graph - Time taken for different types of plastic litter to break down in the sea]
J257/02 June 2019 Q3 (a)

	Histogram
A histogram is used to show the distribution of continuous data. In science, bars are drawn with equal width, with no gaps between them and with the height of the bar representing the frequency. It should be noted that in maths, the classes are not always of equal size, and then the bars are not equal in width. 

	The frequency of estimated number of buttercups in gardens
[image: A graph - The frequency of estimated number of buttercups in gardens]
J260/04 November 2021 Q8 (c)


	Line Graph
Used to show data where there is a relationship or pattern between the variables. 
Refer to the section Constructing a line graph on the appropriate use of a line between points.
	Volume of oxygen produced over time during the composition of hydrogen peroxide
[image: A graph -  Volume of oxygen produced over time during the composition of hydrogen peroxide]
J248/02 June 2022 Q22 (b)

	Scatter graph
Used to look for a relationship or correlation between two variables. A line of best fit should be drawn, although points may not fit on it. 

	The mass of urea in urine against body mass index
[image: A graph - Volume of oxygen produced over time during the composition of hydrogen peroxide]
J247/01 November 2020 Q22



The type of graph depends on the type of data being plotted but many of the rules for construction are similar.
[bookmark: _Toc213330600]Type and size of graph paper
Students may have used squared paper rather than graph paper in previous key stages and other subjects. A4 or A5 sheets of 2 mm graph paper are often used for science at Key Stage 4, to ensure that students are well prepared for examinations and further study. 
Students should ensure that their plotted points occupy at least half of the page in each direction. This will influence their choice of scale. This allows a clear pattern to be seen. 
Students should never add to or cut the graph paper but should always change their scale to ensure that the plotted points occupy at least half the page in each direction. It may be necessary for the student to exclude (0,0) from their graph and if this is the case, they should start the scale at a sensible value. The convention of a ‘squiggly line’ or ‘zig-zag’ to indicate that part of the axis has been ‘cut out’ should be avoided when constructing graphs – the split scale can cause confusion. When interpreting graphs, though, it is important for pupils to pay attention to the values on the scales and to know whether the graph starts at the origin or not. 
[bookmark: _Toc213330601]Drawing the axes 
In general, the independent variable is plotted on the x-axis and the dependent variable on the y-axis. However, exceptions include Hooke’s law where the independent variable (force) is usually plotted on the y-axis and the dependent variable (extension) is plotted on the x-axis ensuring the gradient of the straight line portion of the graph is the spring constant.  
Students should use a ruler and sharp pencil to draw sharp, smooth lines along the darker lines on the graph paper. 
[bookmark: _Toc213330602]Choice of scale 
A scale should always be chosen where one large division represents 1, 2, or 5, multiplied by 10 to an integer power. Scale strips can be used to scaffold choice of scale and labelling the axes. Instructions can be found in IOP’s Classroom Physics (September 2022, p.11-12) and the worked example below also exemplifies this.
Students should be reminded that in general they can rotate the graph paper to make best use of it, although in an exam paper this should not be necessary.
Worked example – constructing graph scales using scale strips
[image: Candiate work ]
[bookmark: _Toc213330603]Titles and labelling
Graphs should always have an informative title. 
Each axis should be labelled with the quantity being plotted and its units in brackets. Note that brackets are recommended rather than using a solidus (/) at this level (for example at GCSE level an axis title for density might read ‘density (g / cm3)’, whilst beyond GCSE students might write ‘density / g cm-3’. Any unit prefixes or powers of 10 must also be included. Tick marks (small lines) should be made on the division and the axis should be numbered linearly.    
[bookmark: _Toc213330604]Drawing bars on a bar chart (M4c)
Bar charts are drawn when the independent variable is categorical (such as hair colour). Since there is no connection between the categories, the bars drawn are equal in width and equally spaced. They may be drawn either vertically or horizontally.                
Common errors – bar charts
Common errors when drawing bar charts include:
· bars not being drawn at the correct height 
· axis being incomplete with either the numbers, units (including % symbol) or the labelling missing
· a ruler not being used, leading to horizontal lines at the top of bars which are not straight.
Teaching tip – bar charts
When plotting a bar graph from scratch the scale for the dependent variable should be selected in the same way as a line graph. The axis should also be labelled on the division as with a line graph. The bars should be of equal width and have a consistent gap between them. The axis for the x-axis should be clearly labelled between the divisions with the categories of the independent variable. Students should use a ruler and sharp pencil and ensure that the lines drawn lie along the grid lies of their paper. 
In the exam, students may be asked to add additional bars to an existing graph and should ensure that their bars are of the same width and spacing as any bars already plotted. The height of the bar should use the same scale as existing bars. The bars should be drawn with a pencil and ruler.
[bookmark: _Constructing_a_line][bookmark: _Toc213330605]Plotting points on a line graph or scatter graph (M4c)
Point should be plotted carefully using a sharp pencil. Exam mark schemes will often require that points should be clearly plotted to the nearest millimetre (half a small square) and marked with a cross, either x or , rather than with a dot. This allows the centre of the point to be clearly identified and still be seen if a sharp line is drawn over it.
Common errors – plotting points
Common errors when plotting points include:
· choosing a non-uniform or inappropriate scale which then makes it challenging to plot points correctly or to read data from the graph
· plotting points using a large dot or a cross drawn with a thick pen, which do not clearly represent the value being plotted.
[bookmark: _Toc213330606]Constructing a scatter graph
A line of best fit should be drawn. As with a line graph, the line of best fit should have an approximately equal number of points on each side. 
[bookmark: _Toc213330607]Drawing a line of best fit 
A line of best fit should be drawn if it is expected that the line shows predictable behaviour between the points, i.e. they can be interpolated. 
If interpolation between points is meaningless, i.e. the line cannot be expected to show the behaviour between points, they should be connected with straight lines (rather than drawing a line of best fit) as shown in the graph below.
A line of best fit should not extend beyond the range of the known data points, nor should it use the origin as a data point unless this has been established as one. 
Blood sugar levels over time of a person after eating chocolate
[image: Question paper extract ] J260/01 June 2023 Q11 (b)
In the graph above, there is no way of knowing what the blood sugar level is between readings - it is not possible to interpolate. As a result, each point is joined to the previous one with a straight line. Although the peak reading was measured at ten minutes, the peak blood sugar level might have occurred anywhere between 5 and 15 minutes. The readings would have to be taken at smaller time intervals to determine the time of peak blood sugar level with more certainty.
Curved or straight lines of best fit?
In maths lines are straight (by definition) and so in GCSE maths exams, lines of best fit are always straight. However, in science, we use the term line for curved and straight lines (what in maths would be called curves and lines) and a line of best fit may be curved. Support from the maths department in explaining the difference may be of benefit to students. 

Drawing a straight line of best fit
· place a ruler (transparent is better) over the points
· there should be an approximately equal number of points either side of the line
· anomalies / outliers may need to be identified and discounted (e.g. by circling)
· move the ruler until the distance between the ruler and the points is as small as possible
· draw a single straight line with a sharp pencil
· draw the line only between the first and last plotted points (unless appropriate or extending the line to make a prediction).
Worked example – constructing a graph
[image: Question paper extract ]J260/04 June 2018 Q2
The image below shows a correctly drawn graph. Points have been plotted using + symbols. A clear ruler is shown being used to draw the line of best fit, with an approximately equal number of points on each side of the line.
[image: Candidates work ]
Teaching tip - drawing a curved line of best fit
Students will need to practise drawing a single smooth curve which passes between the points, showing the pattern of the results. For the ‘wrist pivot’ method students will need to rotate the paper so that their wrist is on the inside of the path of the smooth curve passing between the points:
· holding the pencil, but not touching the paper, practise (just above the paper) where the line will go.
· when confident with the best fit curve, place the pencil on the paper and draw a single curve
· do not sketch the line – wispy/fuzzy lines should not be used.
Common errors
Common errors when drawing a line of best fit include:
· not drawing a smooth curve as a line of best fit 
· extrapolating (extending) lines of best fit beyond the first point and the last point (where inappropriate)
Worked example 
[image: Question paper extract ]J260/08 June 2018 Q6



[image: Candidates work ]Resistance of a thermistor at different temperatures
Teaching tip – checklist for drawing graphs
A checklist, like the one below, could be used remind students of the steps required when constructing a graph. Students could evaluate different graphs using the checklist.
	Drawing Graphs Checklist
	

	Informative Title
	

	Independent variable on the x-axis and dependent variable on the y-axis
	

	Scale – one big square represents 1, 2, 5, 10 etc.
	

	Scale – plotted points occupy at least half the paper for each axis
	

	Axes are labelled quantity (units) including any prefix / power of ten
	

	Points are plotted using  or 
	

	Points are plotted to the nearest millimetre (half a square on 2 mm graph paper)
	

	Line of best fit has been drawn using a ruler (straight line) or smooth curve 
	

	Line of best fit is a single line (not wispy)
	

	Line of best fit has an approximately equal number of points on each side
	


[bookmark: _Toc213330608]Interpreting graphs (M4a)
[bookmark: _Toc213330609]Interpreting pie charts 
Students may learn to draw pie charts in Key Stage 2. A pie chart clearly shows how something is split into parts. Students might need to find data from a pie chart.
Worked example – interpreting a pie chart quantitatively
[image: Question paper extract ]J249/02 June 2023 Q18 (b)
Students should estimate visually that the wind in 2020 is approximately 90 of the total 360. This equates to 25%.
Students might also be asked to draw conclusions from the data shown in the pie chart. 
[image: Question paper extract ]Example – interpreting a pie chart qualitatively
J260/04 June 2018 Q5 (a) (iii)
In this case students are asked to select two correct conclusions from a list, and the best approach is to check each statement in turn and eliminate those that are not supported by the data. Statements 2 and 3 are correct.
[bookmark: _Toc213330610]Interpreting bar charts and histograms
Students might also be asked find data or describe trends from a bar graph or a histogram. 
[bookmark: _Hlk168250374]Worked example – comparing bar chart or histogram data
[image: Question paper extract ]J260/04 June 2023
Students must base their answer on the information given rather than their own opinion. In this case, they might describe which crop is grown most, or compare the amounts grown for different crops. They could also compare the proportion of each crop that is genetically engineered. 


Worked example – trends in bar chart or histogram data
[image: Question paper extract ]J257/03 November 2020 Q10 (b)
In the above example, the following could be described for a maximum credit of two marks:
· the (relatively) low number of cases from 2007 to 2011
· the peak (or increase) in 2012
· decrease in cases in 2013 while still significantly higher than 2007-2011.
In addition, there was a maximum credit of one mark for suggesting a reason for the trend(s) given. 
[bookmark: _Toc213330611]Interpreting line graphs
[bookmark: _Toc213330612]Describing a line graph (M4b, M4d)
Most students will have encountered this skill in Key Stage 3 maths. However, they may be more familiar with another term for the gradient, such as ‘rise over run’. 
The value of the gradient describes how fast the value for the quantity on the y-axis changes as the value for the x-quantity changes: 
· a larger value represents a steeper slope and y changes with x more quickly
· a smaller value for the gradient represents a shallower slope and y changes with x more slowly
· a gradient of zero is a horizontal line so y does not change as x changes
· a negative value of gradient means that the as x increases, y decreases.
Teaching tips – describing a line graph
Students should always show their working on the graph, as this may help to reduce errors in reading values from the scales (and may enable them to gain compensatory credit if their final answer is incorrect in exams).
When using large divisions of 2 or 5, multiplied by 10 to a power, it may be helpful to annotate smaller divisions to help to prevent misreading the scales. For example, in the graph above (J247/03 June 2023 Q19 (c)) the 0.5 mol / dm3 point could be annotated on the x-axis.
[bookmark: _Toc213330613]Finding the gradient of a line on a graph (M4b, M4d)
Any straight-line graph can be represented by the equation of a straight line:

Students may have come across this in maths before it is encountered in science. The gradient of the line is represented by m and the y-intercept by c. 
The diagram below shows a straight line. The gradient () can be found:

When finding the gradient:
· draw a large triangle using the line of best fit as the diagonal 
· the horizontal and vertical lines drawn should touch the line of best fit
· mark the coordinates of points (x1,y1),(x2,y2) where the triangle touches the line of best fit on their graph
· include the unit - the gradient will have units of 
The intercept can be found at c on the y-axis (where the line crosses the y-axis). 
[image: Candidate work ]
There are also occasions where finding the intercept on the x-axis may be useful. An example is for determining the point of equal concentration when investigating osmosis, as shown below. The solute concentration of the aubergine cells is approximately 0.46 mol / dm3, which corresponds to the point where the line of best fit crosses the y-axis (0%).
[image: Question paper extract ]J247/03 June 2023 Q19 (c)
Common errors – finding the gradient of a line on a graph 
Common errors when describing a line graph include:
· drawing a triangle which is too small (it should cover at least half of the line of best fit)
· using points from the table of results rather than points which lie on the line of best fit (which may differ)
· misreading the values from the line 
· forgetting to include forget to include units and unit prefixes in their answer.
Worked example
[image: Question paper extract ]J259/04 November 2020 Q4 (a) (i)

The coordinates of the points where the triangle touches the line of best fit are (0, 10), (7, 25).
The gradient  [2.0-2.3 acceptable range of values]
The y-intercept 
The equation for this line is given by: 
[image: Question paper extract ]J259/04 November 2020 Q4 (a) (ii)
The y-intercept, c, represents the original length of the spring. 
The gradient, m, with units of cm / N is equal to  (the reciprocal of the spring constant). 
[bookmark: _Toc213330614]Interpolation and extrapolation of a line graph
Where a line graph represents a relationship between the variables plotted, the line can be used to interpolate and a value between the measured points can be found. 
Extending the line to find a value beyond the plotted points is called extrapolation. However, the line graph may not represent a relationship outside the plotted points in which case extrapolation is not appropriate.
Teaching tip – interpolation of a line graph
To find a value between those plotted, draw a straight line with a sharp pencil from the axis to the line of best fit and then from the line of best fit to the other axis. The value can then easily be read (if a sensible scale has been used). In an exam, if the student has made their method clear by drawing the lines, compensatory credit may be awarded even if their final answer is incorrect. The student should always check that they have included units together with any prefix in their answer.
[image: Question paper extract ]Worked example – interpolation of a line graph[image: Close outline][image: Close outline]
J259/03 June 2018 Q7 (b) (i) (ii)
· using a sharp pencil, plot the three additional points 
· draw a line of best fit, using a ruler and sharp pencil
· draw a vertical line from 700 to the line of best fit
· draw a horizontal line from this point, left to the y-axis
· read the value from the scale (6 mA in this example)
· check the units match the answer line (they do – mA).
[bookmark: _Toc213330615]Finding the tangent to a curve (M4e)
A tangent is a straight line that just touches a point on a curve. A tangent to a circle is perpendicular to the radius which meets the tangent. With sufficient practice, students should be able to find the tangent by eye, by placing their ruler at the required point on the curve and ‘rocking’ the ruler to find the point of contact. 
The gradient of the tangent should be determined in the same way as the gradient of a straight line of best fit. 
Note that this will only be examined in chemistry topics, although it is relevant to curved lines such as non-uniform acceleration and all rates graphs. 
Teaching tip – drawing a tangent
Initially, students might be encouraged to draw points a small distance (2 mm square) away and equally to the left and right of the point on the curve. They should then use a ruler and sharp pencil to draw and extend a line on which both points lie. If the distance to the new points is small enough, this line is the tangent and should touch the curve at the required point.
Worked example - finding the tangent to a curve
[image: Question paper extract ]
J260/02 June 2023 Q7 (c)
The rate of reaction is the gradient of the tangent to the line at the time in question. 
Gradient of the tangent at 40 s = 
[bookmark: _Toc213330616]Find the area under a graph (M4f)
This skill is most often used to find the distance travelled from a velocity-time graph or the energy stored in a stretched spring from a force-extension curve. It will only be examined in physics topics. 
For regular shapes formed by the area, such as a rectangle or triangle, the appropriate mathematical equation can be used to calculate the area. Some graphs may form a combination of regular shapes that can be added together. 
Students are only required to find the area under the curve (between the curve and the x-axis) by counting squares. To do this, they will need to determine what each square represents. One square represents the value (with unit) of one square in the x-direction multiplied by the value (with unit) of one square in the y-direction.
Common errors 
Students may forget (or be unable) to convert units correctly to calculate the value of a square. 
Teaching tip
The physical meaning (and compound unit) of the area under the line can be found by multiplying the x-axis quantity by the y-axis quantity. For example, on a velocity-time graph, velocity (m / s) × time (s) will be equal to displacement (m). 
[image: Question paper extract 
]Worked example
J259/03 November 2021 Q12 (b)
The area under a force-extension graph represents the work done in stretching the wire:
· draw lines between the curve and the x-axis so that the area is clearly defined 
· the area can be considered in two parts, from y = 0 to y = 100, and from y = 100 to the curve (or as a single trapezium).
· the area below y = 100 consists of 80 squares (by counting or multiplying the sides)
· the area above y = 100 can be approximated by counting squares and is approximately 2 squares
· the total area is therefore 82 squares.
To find the work done, we need to calculate what one square represents:
· on the x-axis, one square represents an extension of 
· on the y-axis one square represents a force of 10 N 
· one square represents 
· 1 Nm is equivalent to 1 J - as work done (J) = force (N)  extension (m).
Work done = total area under the curve × value for one square = 82 × 10-2 J = 0.82 J
[bookmark: _Toc213330617]Qualitative interpretation of line graphs
Students are expected to be able to describe a line graph qualitatively. This can include whether it is a straight line (linear) or a curve, whether a straight line passes through the origin (0,0) and what happens to the y-variable as the x-variable increases.
Various terms are used to describe graphs, and these are not always used correctly by students.
When describing a graph qualitatively, students should refer to the quantities that are plotted on the graph rather than to ‘x’ and ‘y’.
[bookmark: _Toc213330618]Describing line graphs – linear, (directly) proportional and inversely proportional
If the plotted line is straight, it represents a linear relationship between the variables. If the line also passes through the origin, the line represents a proportional relationship – as the x-variable increases, the y-variable increases at the same rate. This means that if the value of x is doubled, the value of y is also doubled. If the line has a downwards slope, its gradient will be negative. 
Students should be familiar with the symbol  indicating proportionality. 
The term directly proportional is sometimes used to emphasise the distinction to an inversely proportional relationship; whilst this contrast it sometimes useful, ‘directly proportional’ means exactly the same as ‘proportional’.  
An inversely proportional relationship is where the product of two variables is constant. As one variable increases the other decreases such that the product is unchanged, e.g. . Understanding of inverse proportion is specifically required in relation to light intensity in the context of photosynthesis (the inverse square law).
The table below shows examples of these three types of graphs and an example of an exponential graph to differentiate from inversely proportional:

	Term
	Example of graph
	Example description

	Proportional 
Note - The line is straight and passes through the origin. 
The term directly proportional might be used to contrast a proportional graph with an inversely proportional graph.

	
[image: ]
J249/01 Specimen Q5 
	
Weight of an object on planet y increases as mass increase
Weight of an object on planet y doubles when mass doubles

Weight = constant ´ mass

	Linear
If the line is straight but does not pass through the origin it should be described as linear and is not proportional.
	
[image: Example of graph]
J249/01 November 2020
	
As temperature increases, pressure increases at a constant rate. At zero temperature the pressure is not zero.

	Exponential
Students will see graphs of exponential decay in physics (for example in radioactivity); these are shown here to highlight the differences between graphs showing inverse proportion and graphs of exponential decay.

	
[image: Example of graph]
J250/06 June 2021 Q18 (b)
	
The rate of decay of radioactive nuclei is proportional to the number of nuclei remaining.
The mass of remaining undecayed nuclei decreases by a fixed proportion for each fixed time period, for example after one half-life, the mass will be half what it was at the start of that period.


Common errors – qualitative interpretation of line graphs
Students are often unfamiliar with what a graph showing a (directly) proportional relationship looks like.
[image: Question paper extract ]Worked example - qualitative interpretation of line graphs
J260/07 November 2021 Q6 (a) (i)

The answer is yes - students would need to recognition the symbol  for ‘proportional to’..
The line of best fit is straight and passes through the origin, so acceleration (the y variable) is (directly) proportional to (force) (the x variable). Alternative explanations include saying that acceleration doubles as force doubles or acceleration = constant  force.
[bookmark: _Toc213330619]Selecting the correct graph
Students might also be required to select the correct graph based on a variety of factors, such as:
· knowledge and understanding of graph shapes (including gradients)
· understanding of distance-time and velocity-time graphs.
Worked example – selecting the correct graph (using knowledge and understanding)
[image: Question paper extract ]Knowledge of current-potential difference (I-V) graphs would enable students to match the graph shape to the correct component:
J249/03 June 2019 Q7
The four graphs show the I-V characteristics of the following components:
· A – fixed resistor
· B – diode
· C – thermistor
· D – filament lamp
The correct answer is B.
Worked example – selecting the correct graph (interpreting gradients)
For other graphs, students might be required to qualitatively compare the gradient of a line or the area under it: 
[image: Question paper extract ]J249/02 June 2023 Q8
Gradient represents acceleration in this graph. Students may learn this or can interpret this from:

Therefore, the steeper the average gradient, the greater the acceleration. The answer is therefore A.
Worked example – selecting the correct graph (distance-time and velocity-time graphs)
Distance-time and velocity-time graphs are an example of where interpretation of graphs may go beyond just one gradient or shape:
[image: Question paper extract ]J249/01 June 2022
As the swimmer swims from one end of the pool to the other, their displacement increases from zero to a maximum. As they return their displacement decreases from a maximum to zero. Since they only return to the starting place, the swimmer’s displacement is always positive, and diagrams R and S can be eliminated. They swim from one end of the pool to the other at a constant speed so the gradient should be constant (matching P). Graph Q would correspond to the swimmer staying at one end of the pool for a period of time and then instantaneously appearing at the opposite..
[bookmark: _Toc213330620]Interpreting scatter graphs, correlation and causation (M2g)
A scatter graph is used to determine if there is a link between two variables. If the line of best fit has a positive gradient, there is a positive correlation whereas a negative gradient indicates a negative correlation. 
If the plotted points lie close to or on the line of best fit, the correlation is strong, whereas if the plotted points are more scattered the correlation is weak. 
If it is not possible to determine where the line of best fit should lie there is no correlation between the variables. 
It is important that students understand that a correlation between variables does not imply causation. 
[image: Graph example ]
In the diagram above, the scatter graphs show no correlation (left), (strong) negative correlation (centre) and (weak) positive correlation (right). 


Worked example – interpreting scatter graphs
[image: Question paper extract ]J260/08 June 2023 Q4 (d)
The question allowed credit for a range of points evaluating the trends in the graph, cause and causation, and the sampling. These included (among various other points):
· there is a negative correlation (i.e. identifying the correlation or relationship)
· there is a lot of scatter in the data (i.e. how scattered is the data)
· the graph does not provide evidence for non-potable water causing increase in mortality (i.e. cause/causality)
· data may not be reported accurately (i.e. validity of the data).
Common errors – interpreting scatter graphs 
Students may need to gain a greater understanding of data collection, processing and presentation so that they are able to interpret scatter graphs in detail.
Teaching tips – interpreting scatter graphs
When analysing and evaluating scatter graphs, students should be encouraged to consider the following:
· trend in the data
· Is there a correlation? If so, is it positive or negative? 
· How close do the data points lie to the line of best fit? 
· Are there any outliers? 
· correlation and causation
· Is there any evidence of a causal relationship in the data?
· sampling
· Was the sample large enough to be able to draw conclusions?
Each statement that is made should be supported by evidence from the graph, and the number of marks available should be used as a guide to the number of points made.


[bookmark: _Toc213330621]Chapter 5 Geometry and Trigonometry 
Including skills M5a, M5b, M5c
Most students will have encountered the basic skills, such as using a protractor, from Key Stage 2 but may find it challenging to directly apply them in the context in science.
[bookmark: _Toc213330622]Using angular measures in degrees (physics) (M4a)
This skill arises in physics topics when describing the refraction and refection of waves at material interfaces, including marking the path of a ray and measuring the angle to the normal. This includes Practical Activity Group 8 - Interactions of waves (in separate science Physics). Several skills are required, so students should be confident with the use of a protractor in advance of practical work. This skill is also required when using vector diagrams to illustrate resolution of forces, a net force (resultant force) and equilibrium situations. 
Note that a protractor is not currently required as a ‘must have’ item for exams but questions may be framed to test understanding. Use in teaching in recommended to ensure understanding in context and to complete some practical activities appropriately.
Common errors – using angular measures in degrees
Student errors include:
· misaligning the protractor baseline 
· using such a blunt pencil that an uncertainty of several degrees is introduced into their angle 
· reading around the protractor in the wrong direction 
· when drawing vector diagrams, sometimes students do not draw vectors tip to tail and consequently draw the resultant incorrectly 
· when studying waves, students sometimes read the angle between the block and the ray rather than the normal and the ray.
Worked example – using angular measures in degrees
In the example below the angle is 64° if the protractor is read clockwise, and 116° if it is read anticlockwise. However, neither of these is the angle of incidence as this should be measured from the normal and can be calculated 90 – 64 = 26°, or students can count along the scale (from 90° to 110° is 20° degrees, count on 5° more to the unlabelled 115° tickmark and one more to make 26°).

[image: Question paper extract ]J249/02 June 2022 Q6
Teaching tip – measuring angles
· use a ruler and sharp pencil to draw a reference line
· the protractor must be accurately placed – some practical could be scaffolded using photocopies of a protractor on which students, for example, mark the position of the glass block, mirror and rays
· in optics, the angle of incidence, reflection or refraction is measured from the normal to the ray (not from the surface to the ray)
· students may prefer to align the protractor with the normal to remove the need to calculate the angle as shown in the previous worked example. 
[bookmark: _Toc213330623]Drawing vector diagrams (higher tier physics)	
Adding and resolving vectors by scale drawing requires students to draw lines at given angles, and to measure other angles. Note that, although a protractor is not required in exams (unless otherwise stated), questions may still require knowledge of how to use of a protractor. Scale drawings are limited to parallel and perpendicular vectors only. Students may be able to link trigonometry, from maths, to this topic but will need to be able to demonstrate scale drawings in science exams (as shown in the example below - ‘Draw a scale diagram to…’).
[bookmark: _Toc213330624]Illustrating the resolution of two or more forces (limited to parallel and perpendicular vectors only)
· draw each force arrow so that the length is proportional to the force
· either complete the rectangle or draw force arrows tip to tail (one force is drawn from the tip of the first, rather than both from the same initial point)
· draw the diagonal (of the rectangle), or join the tail of the first to tip of the last– the resultant force (marked with the double arrowhead)
· measure the length of the resultant arrow and use the scale to calculate the force
Worked example – finding the resultant force from a vector diagram
[image: Question paper extract ]J259/04 June 2023 Q8b
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Finding the resultant by scale drawing:
Version 1	2	© Cambridge OCR 2026
· complete the parallelogram of forces by drawing lines to represent the forces parallel to the original lines 
· draw the resultant (shown by the double arrow) diagonally from the origin to the opposite corner
· [image: Candidate work ]measure the length of the line which is found to be 7.2 cm. This represents a force of 3.6 N since the given scale is 1 N = 2 cm 

Teaching tips – vector diagrams
· when finding the resultant force using a vector diagram at this level, the forces will always be at right angles so the parallelogram will always be a rectangle
· a useful resource is the University of Colorado Boulder PhET simulator
· a vector diagram can be used to show that on object is in equilibrium when three forces act on it – they will form a closed triangle as shown below.
[bookmark: _Toc213330625]Resolving a force into perpendicular components
Resolving a force into its components is the reverse of finding the resultant of two forces – a single force can be represented by two forces that are perpendicular to each other. This can be carried out by:
· drawing a set of axes, and if necessary rotating the paper so that one axis is vertical and one is horizontal
· ‘projecting’ the given force onto the axes with the length proportional to the magnitude of the force, at the appropriate angle measured with a protractor
· from the end of the force arrow draw a vertical line down to the x-axis 
· from the end of the force arrow draw a horizontal line across to the y-axis
· draw in the horizontal and vertical components of the force and measure their length
· use the scale for the diagram to find the sizes (magnitudes) of the forces. 
[image: Candidate work ]For example, to resolve a force of 20 N at 30° to the horizontal into its components:
Worked example
[image: Question paper extract ]J250/11 June 2022 Q10
Only the horizontal component needs to be drawn in and measured (as the question does not ask for the vertical component). The scale on the diagram is 1 cm = 1 N. The line measures 5 cm in length (on the original exam paper) so the answer is 5 N, which corresponds to B.
[bookmark: _Toc213330626]Visualising and representing 2D and 3D forms (chemistry and physics topics) (M4b)
Examples where visualising and representing 2D and 3D forms include:
· visualising magnetic fields
· electric motors
· circuit diagrams
· free body diagrams
· molecular structure. 
[bookmark: _Toc213330627]Magnetic fields
Magnetic fields can be particularly challenging for students to visualise and represent. It is often necessary to represent a magnetic field which is perpendicular to the page and dart notation may be helpful (although it is not required by the specification): 
	

	Dart notation to represent the magnetic field coming out of the paper. The point of a dart is at the centre This looks like a dart heading towards the reader.

	

	Dart notation to represent the magnetic field going into the paper. The cross represents the tail of a dart going into the paper.


Students may also need to be familiar with the right-hand screw rule and Fleming’s left-hand rule to answer questions.
Worked example – magnetic fields (right-hand screw rule)
[image: A diagram of a magnet

AI-generated content may be incorrect.]
J259/03 Specimen Q6(a) (i)
Applying the right-hand (screw) rule with gives the answer of B.
Note that the question does not assume familiarity with dart notation

Worked example – magnetic fields (Fleming’s left-hand rule)
[image: Question paper extract ]J249/03 June 2023 Q11

The first two marks are related to knowledge of electromagnetism:
· The current in the wire produces a magnetic field
· The magnetic field of the magnet and the magnetic field of the wire interact to exert a force on each other.
Fleming’s left-hand rule will be required to explain that the wire will experience a force. Students may need practice to ensure that their thumb, first finger and second finger are perpendicular, and lined up with the diagram. They will also need to know which direction fingers should point for each. They will need to rotate their hand so that their second finger lines up with the current (conventional current) and first finger is aligned up with the magnetic field (North to South) to the right. The thumb will then show:
· the wire experiences a force downwards.







[bookmark: _Toc213330628]Circuit diagrams
Students may need to draw a circuit diagram with a pencil and ruler, using correct circuit symbols.
[image: Question paper extract ]Worked example – circuit diagrams
J250/05 June 2021 Q15 (a)*
This Level of Response question provides space for drawing as well as a written answer. Mark scheme guidance included an appropriate circuit diagram, voltmeter in parallel with the wire, an ammeter in series with the wire, a variable resistor (or rheostat / potential divider). Marks could be credited from the diagram or written answer.
[image: Candidate work ]
Teaching tips – circuit diagrams
To supporting drawing of circuit diagrams:
· students could practise drawing a circuit diagram when presented with a working circuit 
· when undertaking practical work, students might also find it useful to draw their circuit on the lab bench using a white board marker (or a large sheet of paper if more appropriate) and to lay the components on top before connecting them to better enable them to place the physical components in the correct position in their circuit
· this could be further scaffolded by initially providing diagrams for students to construct circuits on, before they progress to drawing and constructing.
[bookmark: _Toc213330629]Free-body diagrams
Free-body diagrams are used to simplify problems involving forces. The object on which the forces are acting is represented by a single point. The forces acting on the body are represented with an arrow, where the direction of the arrow represents the direction of the force. The size of the force is represented by the length of the arrow. 


[image: Question paper extract ]Worked example – free body diagrams
J260/07 June 2018 Q7 (a)
Since the drone is hovering, the vertical forces are balanced and should be drawn the same length. 
[image: Candidate work ]
[bookmark: _Toc213330630]Molecular structures
In chemistry topics, a variety of techniques are used to represent 3D molecular structures. Students may be required to compare the representations or to identify a structure. Students should be given the opportunity to construct 3D models of molecules and to draw equivalent 2D representations in order so that they are able to identify the advantages and disadvantages of each representation.  
[image: Question paper extract ]Worked example – molecular structures
J260/06 June 2023 Q9 (c)
[image: Candidate work ]The 2D model can be completed by understanding how to continue the pattern for alkanes, or from recall:
The mark scheme specifically credited the following for limitations of the models:
· they do not show arrangement in space/(relative) size of atoms
· they do not show shape/not arranged in three dimensions
[bookmark: _Toc213330631]Calculating areas, surface areas and volumes (M4c)
This skill is used throughout science for the areas of triangles and rectangles and the volumes of cubes. These skills may have been taught from Key Stage 2 onwards. Students may be asked to calculate the area of a circle (which may have been taught in Key Stage 3) but will be given an equation to use.
Students should check the units given in the question, and the units required for the answer. If they are not the same, the student should convert the data to the units required in the answer, clearly showing what they have done. They can then substitute values into the equation. 
Students may need to be reminded that a length has units of m, cm, mm and area will have units of m2, cm2, mm2 (because they have multiplied a length unit by the same length unit). Similarly, a volume will have units of m3 cm3, dm3, mm3.
Students should be discouraged from calculating the area or volume using the units given in the question and then converting it to the units required in the answer. 
Students may need support in learning to convert between units of area or volume. For example, an area of 100 cm2 is equivalent to 0.01 m2 and not 1 m2. 
· 1 m2 = 100 cm, 100 cm = 10 000 cm2, so 1 cm2 m2
· 100 cm2 
In chemistry students may need to convert between decimetre cubed (dm3) and centimetre cubed (cm3). 1 dm3 = (10 cm)3 = 103 cm3 = 1 000 cm3.
[bookmark: _Toc213330632]Area of a triangle and rectangle (or square)
The area of a triangle can be found using:
[bookmark: _Hlk163222052]
The area of a rectangle (or square) can be found using:

Common error – area of a triangle
Note that students sometimes use an incorrect value for height if the triangle is not a right angled triangle.
[bookmark: _Toc213330633]Area of a circle
The area of a circle can be found using: 

[image: Question paper extract ]Worked example – area of a circle (microbiology)
J260/05 November 2020 Q6 (e) (i)
The most effective concentration of antibiotic is the one with largest clear zone, Concentration C.
The diameter of zone C = 20 mm, so the radius of zone C = 10 mm.
 =  = 314 mm2
[bookmark: _Volume_of_a][bookmark: _Toc213330634]Volume of a cube or cuboid 

[bookmark: _Toc213330635]Surface area of a cube or cuboid
To find the surface area of a cube, find the area of each face and add them together.
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A child uses a force of 10N at an angle of 60° to push a toy car.
This is a scale diagram of the force:

What s the horizntal component of the force pushing the toy car?

Use the scale diagram.

A

B
c
D

Your answer

32N

5N

87N

10N

Horizontal

m
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This question is about the magnetic effect of an electric current.

(a) (i) Which diagram (A, B, C or D) correctly shows the magnetic field
caused by a wire conducting an electric current?

(The electric current s flowing into the paper.)
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‘The diagram shows a current-carrying wire in the magnetic field between the North pole and
the South pole of a magnet.

Describe and explain what happens to the wire when the switch is closed.
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(a) Astudent investigates if resistance changes as current changes.

‘The student can use this equipment:

T <

10cm of resistance wire

Power pack Variable resistor Connecting wires

Describe the method the student should follow to work out if the resistance of the 10cm wire
changes as current changes and describe how to use the results to calculate resistance.

You can include a diagram in your answer.
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Drones are unmanned aerial vehicles.

_rotors

The vertical upward lit force on the drone is increased or decreased by changing the speed of the
rotors.

(a) Draw a free body force diagram for the drone when it is hovering in a stationary position.

2
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(¢) Hydrocarbons are bonded covalently.

Table 9.2 shows different ways of representing three hydrocarbons.

Table 8.2
Name Dot and cross 2-D model 3-D model
H
|
Methane He—C—h
|
H
HoH
[
Ethane H—C—C—H
[
H OH
Propane
(i) Complete Table 9.2 by showing the 2-D model of propane. m

Al these models show the number of each atom and the order in which the atoms are
joined together.

Describe one limitation of representing the structure of propane that is true for both the
dot and cross model and the 2-D model.

m
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image79.png
A researcher tested the effectiveness of three different concentrations of antibiotic on
the growth of Salmonella bacteria.

Paper discs were soaked in each antibiotic and then placed on an agar plate, which was
covered in the Salmonella bacteria. One other paper disc was soaked in sterile water as
a control disc.

The clear zones are where the bacteria did not grow.
The results are shown in the diagram

‘Salmonella bacteria
growing

Paper disc - control
~ (sterile water)

Concentration A,
clear zone diameter
5mm Concentration B,

clear zone diameter

10mm

Concentration C,
clear zone diameter
20mm

Caleulate the cross-sectional area of the clear zone (including the area of the disc) for
the most effective concentration of antibiotic.

Use a clear zone diameter given i the diagram.

Use the formula: xr2

Cross-sectional area = mm?

(L]
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The diagram shows a Pacific sea turtle. The sex of Pacific sea turtles’ offspring is determined by the
temperature at which their eggs incubate.

The effect of temperature on the sex of the offspring is shown in the table.

Egg incubation temperature ('C) [Sex of offspring

Below 27.7 male

Between 27.7 and 31.0 mix of male and female
(Over 31.0 |female

(i) In some locations in 2020 the female turtles outnumbered male turtles in a ratio of 116 : 1.
Calculate the number of female turtles in a sample of 18 000 turtles.

Give your answer to the nearest whole number.
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The wavelength of red light in glass is 4.33 x 107 m.
The speed of red light in glass is 2.0 x 108m/s.
Calculate the frequency of the red light in glass.

Use the equation: wave speed = frequency x wavelength

Give your answer to 2 significant figures.

Frequency =
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The diameter of a human ovum is 100 000 nm. The diameter of the HIV pathogen is 100 nm.

How many orders of magnitude larger is the diameter of a human ovum compared to an HIV pathogen?

A 3

B 10
c 9%
D 1000

Your answer
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1

The diagram shows data on the number of people with cardiovascular disease (CVD).

Total cases of cardiovascular diseases (CVD)

150000

/

|

~.

Heart disease cases
69000

Stroke cases

Other CVD cases
50000

(i) Calculate the percentage of cardiovascular disease cases that were caused by heart disease.

Percentage =
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In 2015 gas-fired power stations in the UK generated 99.8 TW h of electricity.

Renewable resources generated 83.3 TW h, which was 27% of the total electricity generated in the
UK.

What percentage of the total electricity generated in the UK was generated in gas-fired power
stations?

Generated in gas-fired power stations =._________________________ %[3]
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The table shows data about the composition of the Earth’s atmosphere 4 billion years ago and today.

Composition of gases in Earth’s atmosphere (%)

4 billion years ago Today
[carbon dioxide 20 0.04
ater 50 small
litrogen 3 78
loxygen 0 21
pther gases small

(i) Complete the table to show the approximate percentage of other gases in the atmosphere 4 billion

years ago.

11
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Respiration produces carbon dioxide. To test for carbon dioxide we use limewater.
The limewater turns cloudy because calcium carbonate forms.

Calculate the percentage by mass of calcium in calcium carbonate, CaCO,
Element Relative Atomic Mass

Carbon (C) 12

Orygn ©)

Calcium (Ca) 40

Percentage = . % [4]
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A student added 2.4 of magnesium to hydrochloric acid. She observed that no magnesium was
left when the reaction was complete.

The student transferred the solution to an evaporating basin. She heated the solution using a
Bunsen bumer and evaporated all the water.

The student predicts she should make 9.5 of magnesium chioride, MgCl,.

She actually makes 7.9g.
Calculate the percentage yield.

Give your answer to 3 significant figures.
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The UK has a target to plant new trees in 300 km? of land each year to help manage the water cycle.
New trees were planted in 150 km? of land in 2020.

Calculate the simplest ratio of planted area : target area in 2020.

Simplest ratio =
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(b) Jack measures the mass of the copper oxide at the start of the experiment.
He measures the mass of the copper sulfate crystals at the end of the experiment.

The table shows his results.

Mass of copper 4.0
oxide at start
(9

Mass of copper 10.0
sulfate at end
(@

Calculate the mass of copper oxide Jack needs to use to make 5 kg of copper sulfate crystals. Give

your answer in kg.

Mass of copper oxide = o kg
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A scientist knows surface area is important at gas exchange surfaces.

‘She is modelling the shape of animals using 1 cm? blocks.

‘She makes two models A, a six sided cube, and B where each block is separate. Each model contains
eight 1 cm” blocks.

s [

‘She works out the surface area of each model by counting the sides and starts to put the results in a

table.
Model | Surface area (cm?) Volume (cm?) Surface area : volume ratio
A 24 8
B 48 8

‘Complete the table by calculating the surface area to volume ratios. You can use the space below.

2]
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The diameter of an atom is approximately 50 000 times bigger than its nucleus.
The diameter of an atom is approximately 1 x 107'° m.

Estimate the diameter of a nucleus.

Diameter of nucleus =
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Two students investigate the population of daisies in a lawn. The diagram shows the lawn in front of a
shed.

) Table 16.1 shows their results.

Table 16.1

Square | 4| 5 13 {4 |5 |6 |7 |8 |9 |10 Toa

Number
of daisies
counted

14 3 8 10 16 15 1" 10 1" 12 110

+  The students used a 0.5 m x 0.5 m frame to sample the lawn.
+ Thelawnsizeis 5m x 3 m.

Estimate of population of daisies in the lawn
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Medicines can be used to treat diseases.

Four groups of students recorded how many times they had to take medicine in a year.
There were eight students in each group.

Table 2.2 shows the mean for each group.

Table 2.2
Group Mean number of times.
medicine had to be taken
1 10
2 7
3 4
4 5

What is a correct conclusion from the data?

Tick () one box.

Mean of group 1 < Mean of group 2

Mean of group 2 = Mean of group 3

Mean of group 3 > Mean of group 4.

Mean of group 4 > Mean of group 3
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i) Mia repeats the volume measurement five times.

These are her results.

Measurements 1 2 3 4 B
Volume of the 430 445 430 450 45
‘stone (cm?)

Calculate the mean volume of the stone.

Mean volume =

cm? 2]
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Astudent uses a computer program to measure the reaction times of their friends.

‘The table shows their resuls.
Time spent each
Friond | Sexof | Ageof week playing | Reaction time
nend | friend | friend | computer games (s)
(hours)
A male 14 5 034
B male 14 7 029
c female 15 6 026
D female 14 15 024
E male 15 3 027

(i) Identify the median reaction time for the five friends.

Median reaction time =

sH]
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Which cell size in the table is the mode?

Cell | 1

2

3

4

Size
(mm) | 04

0.3

0.4

0.5

03

03

06

05

03

0.3mm

0.4mm

0.5mm

o o ®w >

0.6mm

Your answer

m
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Jamal does a titration to find the concentration of some acid.

He measures the volume of acid needed to react with 25.0cm? of alkali.

(d) Here are Jamal's resuits.

Rough Repeat titrations
trial 1 2 3 4

Volume of acid

s 262 234 235 221 235

(i) Jamal ignores his rough trial when he processes his results.

What is the range of the results of Jamal's repeat titrations?

Range

m
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Plastics are important in our everyday lives. Plastics are made of polymers.

(a) Scientists have studied the environmental impact of plastics. They have looked at their
production, use and disposal.

People do not always dispose of plastic waste carefully. This means that it can end up in
the sea.

Table 5.1 shows the density of some polymers used to make plastics that pollute the sea.

Polymer Density (kg/m?)
LDPE 920
HDPE 960
Nylon 1120

Polyester 1040
PET 1041

Table 5.1

‘The density of seawater is approximately 1025kg/m®.
‘The density of pure water is 1000kg/m?.
(i) Which statement about the behaviour of polymers in seawater is correct?

Tick () one box.

HDPE waste would float in seawater, but LDPE would sink.

PET waste would eventually sink in seawater.

Nylon is less dense than seawater.

Polyester has a higher density than seawater, but is less dense than pure
water.

4]
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(€) The diagrams show the position of each student's samples across the salt marsh.
‘Each small square in the diagrams represents one sample.

tape measure
4

. pemeasue

Student B's samping

() The whole salt marsh has an area of 2500
Each square frame has an area of 0 252

Calculate the percentage of the whole salt marsh that was sampled by student A.




image23.png
Look at the two students’ sampiing shown in the diagrams.

Explain which student s likely to get the most accurate esiimate for the number of planis.
in the salt marsh.

SR
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(c) Afarmer is growing cherry trees.
The farmer notices that some of the trees have lumps on their trunks caused by crown gall
disease.

(i) There are 200 trees on the farm.
80 of the trees have crown gall disease.

Calculate the probability that any individual tree on the farm has crown gall disease.

Probability = . LMl
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Humans have a gene that instructs cells how to make an enzyme called lactase.
Mutations can happen in the lactase gene.
‘The probabilty of someone having the lactase mutation is 0.3.

In 2021 the human adult world population was estimated to be 5.85 billion.

Calculate the number of people without the mutation in 2021.

Number of people =
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4 Huntington's disease is caused by a faulty allele of a single gene.

(a) () Aperson will have Huntington's disease if they inherit a faulty allele from one parent or
from both parents.

Complete the Punnett square to show how Huntington’s disease may be inherited if only
one of the parents has the disease.

Use:
+ Hitorepresent a Huntington's disease allele
+  htorepresent a normal allele.

(i) Write down the expected percentage of Huntington's disease phenotypes.

Percentage
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(b) The motor uses 2 cells in series.
Each cell has a potential difference of 1.5V.
(i) The motor has a resistance of 6.0Q.

Calculate the current in the circuit when the motor is in use.

Use the equation: Potential difference = Current x Resistance

Answer = A[3]
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Mia stretches a spring using a forcemeter, as shown in Fig. 3.1.

Forcemeter Ruler

Fig. 3.1
(a) The spring stretches from 5.0cm long to 8.5cm long when a force of 7.7 N is used.

(i) Calculate the extension of the spring in metres.

Extension

Calculate the spring constant of the spring.

Use the equation: spring constant = force + extension

Spring constant = ..
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Astudent dissolves 5 x 10~ moles of sodium hydroxide, NaOH, in 250cm? of water.

What is the mass of sodium hydroxide in 25cm? of the solution?
Relative formula mass, M, of NaOH = 40.0

A 5x10°
B 0029
c 2
D 4g

Your answer 0]
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Agroup of students plot the estimated number of buttercup plants in their gardens.
‘The graph shows the students’ results.
80

704

0-79" 80— ' 160- ' 240- ' 320- ' 400 ' 480- ' 560- ' 640- ' 720
159 239 319 309 479 550 639 719 799

Estimated number of buttercup plants
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Amir places an iron core in the solenoid. The iron core becomes magnetised.

Amir uses the magnetised iron core to pick up paper clips. He counts the number of paper
clips picked up.

He then repeats the experiment several times, each time changing the number of tumns in the
solenoid.

Amir's results are shown in Table 2.1.

Number of turns in | Number of paper clips picked
the solenoi up by the iron core

10 5
10
14
19
25
31

3|8|58|8|(8
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Amir is investigating the properties of types of resistor.
(a) He sets up a circuit to measure the resistance of a thermistor at different temperatures.

‘The results of Amir's experiment are shown in Table 6.1.

Temperature (°C) | Resistance (k)

0 217

10 18.1
20 124
30 83
40 58
50 41
60 30
70 22
80 17

(ii) Complete the graph by plotting the results from Table 6.1 and draw a line of best fit.
Some have been plotted for you.

2




image41.png
rgure w1

Resstorea (€0
5

°




image42.png
The diagrams show how electricity was generated in the UK in 2019 and in 2020.

2019 2020

Coal

(b) Estimate the percentage of electricity generated using wind in 2020.

Electricity generated using wind % [3]
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Plastics are important in our everyday lives. Plastics are made of polymers.

(a) Scientists have studied the environmental impact of plastics. They have looked at their
production, use and disposal.

People do not always dispose of plastic waste carefully. This means that it can end up in
the sea.

(ii) A study identified the types of plastic litter in samples of seawater.
The samples of plastic litter were analysed and the type of polymer was identified.

The main types of polymer found are shown in the pie chart.

Which tw conclusions about the main types of polymer in the plastic waste are true?

Tick () two boxes.
Polyethene forms about 5% of the waste. D
The proportions of acryic and polyurethane are approximaey the same. | |
The proportion f polypropen is approximately double thatofacryc. ||
Polypropene forms the smallest proportion of waste. D
Acrylc forms the largest proportion of waste. ]

2]
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(d) The bar chart shows the area of land used to grow four different crop plants.

‘Some of each crop plant grown is genetically engineered.

180-

160-

NOT genetically
140 i} engineered
120
Areaofland 100
(million hectares)
80
60
40
201
off i I
Soybean  Cotton  Maize  Canola

ICom

(i) Give three conclusions that can be made from the data.

Bl
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(b) The graph shows the number of confirmed cases of whooping cough in England from 2007 to
2016.

10000
9000

8000

7000

Number of confirmed 6000
cases of 5000
whooping cough 4000

2007 200820092010 2011720127 2013 2014 2015 2016
Year

Describe the trends shown in the graph and suggest a reason for the trends.
31
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19 An aubergine is a fruit with a thick, shiny skin.
Astudent does an experiment to find the solute concentration in the cells of an aubergine.

(¢) The student plots a graph to work out the solute concentration of the cells in the aubergine.

Change in
mass
(%)

0 02 04\06 08

-200

Concentration of sugar
solution (mol/dm?)
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Li does an experiment to investigate the stretching of a spring.

Clampstand. Ruler

Spring——

Weights —

Li records the length of the spring for different weights on the spring, and plots the graph, as
shown.

30
2
20
Length
of spring 15-
(em)
10
5.

ot
0 10 20 30 40 50 60 70 80
Weight (N)

(a) () The relationship for the spring can be expressed in the form L = mW + ¢, where Lis the
length and W is the weight.

Find out the gradient, m, and the y-intercept, c, to complete the relationship for this
spring.

Relationship for the spring =
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(ii) The length of the spring is proportional to the weight on the spring.
What physical quantities are represented by the y-intercept, ¢ and the gradient, m?

Y-intercept, ¢ =

Gradient,
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Ali investigates electromagnetic induction.

He pushes a magnet quickly into a coil of wire. He uses an ammeter to record the biggest current
produced in the coil.

He repeats the experiment for coils with different numbers of tums.

Table 7.1 shows his results.

Number of turns. Current (mA)
200 11
400 30
600 54
800 67
1000 91
1200 1.0
Table 7.1

(b) (i) Complete the graph by plotting the missing results in Table 7.1 and draw a line of best
fit.

12

10,

8

current
(mA)

4

2

05200 400 660 800 1000 1200

number of turs.
2

(ii) Use your line of best fit to determine the maximum current that Ali could produce if he
used a coil with 700 turns.

Maximum current

mA[1]
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‘Sasha uses this apparatus to find the rate of the reaction between pieces of magnesium
carbonate and dilute nitric acid.

Gas syringe

Magnesium carbonate Dilute nitric acid

‘Sasha adds the pieces of magnesium carbonate to the dilute nitric acid and measures the
volume of carbon dioxide collected every 20 seconds.

Sasha draws this graph.
%0

80 ¥

70

60

Volume of 50
carbon dioxide
(em¥) 40

30

20

0 20 40 60 80 100 120
Time (s)

(c) Draw a tangent to the curve and use it to find the rate of reaction at 40 seconds.

Rate of reaction = cm¥/s [4]
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Amir investigates the properties of a metal wire.
He measures how the extension of the wire depends on the force applied o the wire.
The graph shows his results.

Four sections on the graph have been labelled A, B, C and D.
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(b) Estimate the work done in stretching the wire, in section D.

‘The area under the graph represents the work done in stretching the wire.

Work done
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The graph shows how the mass of a radioactive element changes with time.

Mass

Time
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Sundip does an experiment to investigate how the acceleration of a trolley depends on the
resultant forca aciing on it when the mass of the troley is kept constant.

She plots a graph of acceleration against resultantforce, as shown.

(mis) 4 B i

(@) () Sundip writes this conclusion:
My graph shows tat acosleration = resutant fore.

Do you agree with Sundip's conclusion?
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A student investigates four different electrical components.

She plots current-potential difference graphs for the components.

A B
Current (‘AlleﬂlA
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Potential Potential
difference difference
c D
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difference difference

Which of the above shows the characteristic graph for a diode?

Your answer

m
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The velocity-time graph shows how the velocity of four different vehicles changes.

Velocity

Time.

Which vehicle has the greatest acceleration?

Your answer ]
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The diagram shows a swimmer in a pool.

‘The swimmer swims from one end of the pool to the other end at a constant speed.
‘They then turn round and swim back at the same constant speed.

(i) Here are 4 displacement-time graphs, P, Q, Rand S.

b, b oa
Displacement Displacement
. T ﬂ H -
0 Time o Time
4 R 4 s
Displacement Displacement
0 0
Time Time

Which displacement-time graph shows the swimmer swimming to the end of the pool

and back several times?

M
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(d) Nina finds a graph (Fig. 4.1) that shows the relationship between the percentage of
population with access to potable water and the number of deaths per 1000 people inthe

populaton.

‘Each pointon Fig. 41 represents a country.

Fig.41

Number of
geaths per.
1000 people.

120

100.

in the population

o.
1]

E)

4 6 £ 100

Percentage of population with access {0 potable water (%)

Nina forms a hypothesis abou Fig. 4.1:

“The higher the percentage of the population that drink potable water,the lower the death
rate”

‘Evaluate the quality of Nina's hypothesis.
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Aray of light hits a surface.

What is the angle of incidence?
A 26°

B 64"
c 76°
D

116°

Your answer

m
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The disc is placed flat on a smooth surface. Two perpendicular forces, 2N and 3N, are
applied to the disc parallel o the surface, as shown in Fig. 8.1 when viewed from above.

Fig. 8.1 s not to scale.
Fig.8.1

2N

3N

Draw a scale diagram to find the size of the resultant force on the disc.

Use the scale 1N = 2cm

Resultant force
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