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Chapter 1: Problem Solving  

Understand the problem solving cycle  

Know that simplifying a problem can help you to begin problem solving  

Use algebra to formulate and solve problems  

Write your mathematics using appropriate language and symbols 
• Necessary and sufficient 
• If… and then … 
• ⟺, ⟸, ⟹ and ∴ 
• Converse of a statement 

 

Prove statements by deduction  

Prove statements by exhaustion  

Disprove statements by finding a counter-example  

Interpret your solution in the context pf the problem  

Generalise your solution to extend your understanding of a wider problem  
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Chapter 2: Surds & Indices   

Simplify surds of single numbers   

Simplify surd expressions requiring addition and subtraction  

Simplify surd expressions requiring multiplying out brackets  

Simplify fractions with a surd as a denominator  

Simplify fractions with an expression including a surd in the denominator   

Rationalise the denominator of an expression  

Use the laws of indices to simplify expressions  

Understand the use of fractional indices for roots  

Understand the use of negative indices for reciprocals  

 

Formulas to learn 
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Chapter 3: Quadratic Functions   

Draw and sketch quadratic graphs  

Factorise quadratic expressions  

Solve quadratic equations by factorising  

Solve quadratic equations by using the quadratic formula 𝒙 =
−𝒃 ± √𝒃𝟐−𝟒𝒂𝒄

𝟐𝒂
  

Solve quadratic equations by completing the square  

Use completed square form to find the vertex and line of symmetry of a quadratic 
graph 

 

Use the discriminant b2 – 4ac to investigate roots of a quadratic equation  

Use quadratic equations in problem solving  
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Chapter 4: Equations and Inequalities   

Change the subject of a formula and be able to rearrange an equation  

Solve linear simultaneous equations using substitution or elimination  

Solve simultaneous equations where one is quadratic and the other linear  

Solve linear inequalities and illustrate the solution graphically   

Solve quadratic inequalities   

Represent inequalities such as 𝑦 < 𝑎𝑥 + 𝑏 or 𝑦 > 𝑎𝑥2 + 𝑏𝑥 + 𝑐𝑦 graphically  

Use set notation ∪ for union (or) and ∩ for intersection (and)  

 

Mathematical notation 
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Chapter 5: Coordinate Geometry   

Solve problems involving finding the midpoint of two points ( 
𝒙𝟏+𝒙𝟐

𝟐
,

𝒚𝟏+𝒚𝟐

𝟐
 )  

Solve problems involving finding the distance between two points 
√(𝒙𝟐 − 𝒙𝟏)𝟐 + (𝒚𝟐 − 𝒚𝟏)𝟐  

 

Understand gradient as the rate of change and find the gradient of a line joining two 
points 

𝒚𝟐−𝒚𝟏

𝒙𝟐−𝒙𝟏
  

Recall and use relationships between gradients for parallel and perpendicular lines  

Draw or sketch a line, given its equation  

Find the equation of a line  

Solve real life problems that can be modelled by a linear function  

Solve problems with parallel and perpendicular lines   

Find the intersection of two lines  

Find the centre and radius of a circle from its equation in the form  
(𝒙 − 𝒂)𝟐 + (𝒚 − 𝒃)𝟐 =  𝒓𝟐  

 

Find the centre and radius of a circle from its equation when the equation needs to be 
rewritten in completed square form 

 

Find the equation of a circle given the radius and centre   

Find the equation of a circle using circle theorems to find centre and radius  

Find the equation of a tangent to a circle using circle theorems  

Find the points of intersection of a line and a curve  

Understand the significance of a repeated root in the case of a line which is a tangent 
to the curve 

 

Understand the significance of having no roots in the case of a line which does not 
intersect the curve 

 

Find the intersection points of curves in simple cases  
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Chapter 6: Trigonometry  

Right-angled trigonometry  

Know and use exact values for sin, cos, tan of 0, 30, 45, 60 and 90 (sin/cos only)  

Use exact values in surd questions  

Recall the graphs of sin, cos and tan and be able to sketch them  

Use identities 𝒔𝒊𝒏𝟐𝜽 + 𝒄𝒐𝒔𝟐𝜽 = 𝟏 and 𝐭𝐚𝐧 𝜽 =  
𝐬𝐢𝐧 𝜽

𝐜𝐨𝐬 𝜽
 to solve equations  

Solve trigonometric equations giving all the solutions in a given range  

Use the sine rule    𝒂

𝐬𝐢𝐧 𝑨
=  

𝒃

𝐬𝐢𝐧 𝑩
=  

𝒄

𝐬𝐢𝐧 𝑪
   to find an unknown side or angle, including 

the cases where there are 2 possible values  
 

Use the cosine rule 𝒂𝟐 =  𝒃𝟐 + 𝒄𝟐 − 𝟐𝒃𝒄 𝐜𝐨𝐬 𝑨   to find an unknown side and angle   

Use the formula that the area of a triangle is 𝟏

𝟐
 𝒂𝒃 𝐬𝐢𝐧 𝑪  
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Chapter 7: Polynomials   

Understand the terms polynomial and its order   

Add and subtract polynomials  

Multiply polynomials by expanding brackets  

Understand the points where the graph crosses the axes in a graph of a polynomial  

Understand turning points in a graph of a polynomial  

Understand the behaviour for large values of x in a graph of a polynomial  

Sketch a polynomial from its factorised form  

Divide a polynomial by a linear expression   

Use the factor theorem to identify factors of a polynomial   

Solve polynomial equations by factorising  

Use the factor theorem to find unknown coefficients in an expression given a factor  

 

 

Formulas to Learn 

Factor Theorem 
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Chapter 8: Graphs and Transformations   

Understand and use function notation  

Recognise and sketch reciprocal graphs of 𝑦 =
𝑎

𝑥
 and 𝑦 =

𝑎

𝑥2  

Understand asymptotes  

Understand direct, inverse and other proportion  

Sketch the image of any graph after a reflection in the axes  

Sketch the image of any graph after a translation  

Sketch the image of any graph after a stretch  

Link changes in the equations of graphs to the transformations they produce  

Write the equation of a transformed graph  

Sketch the transformed graph from its equation  

Use completed square form to translate quadratic graphs  

Sketch transformations of trigonometric graphs  

Understand the change to the period and maximum/minimum values of a 
trigonometric graph 

 

 

 

Rules to Learn 
𝑦 =  𝑓(𝑥)  +  𝑎 is a translation of 𝑦 =  𝑓(𝑥) by (0

𝑎
) 

𝑦 =  𝑓(𝑥 − 𝑎) is a translation of 𝑦 =  𝑓(𝑥) by (𝑎
0
) 

𝑦 =  𝑎𝑓(𝑥) is a stretch of 𝑦 =  𝑓(𝑥) by scale factor 𝑎 parallel to the 𝑦 − 𝑎𝑥𝑖𝑠 

𝑦 =  𝑓(𝑎𝑥) is a stretch of 𝑦 =  𝑓(𝑥) by scale factor 1

𝑎
 parallel to the 𝑥 − 𝑎𝑥𝑖𝑠 

𝑦 =  −𝑓(𝑥) is a reflection of 𝑦 =  𝑓(𝑥) in the 𝑥 − 𝑎𝑥𝑖𝑠 
𝑦 =  𝑓(−𝑥) is a reflection of 𝑦 =  𝑓(𝑥) in the 𝑦 − 𝑎𝑥𝑖𝑠 
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Chapter 9: Binomial Expansion   

Use the binomial expansion to expand brackets to a positive integer power using 
Pascal’s triangle 

 

Use the binomial expansion to expand brackets to a positive integer power using 
binomial coefficients 

 

Use the beginning of a binomial expansion to give an approximation  

Understand how binomial coefficients are related to solving problems involving 
selections: permutations where the order is important  

 

Understand how binomial coefficients are related to solving problems involving 
selections: combinations where the order is not important 
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Formula Sheet Extract  

 

Chapter 10: Differentiation   

Understand that the gradient of a curve at a point is the gradient of the tangent at 
that point 

 

Understand that the gradient of the tangent can be found as the limit of a sequence 
of gradients of chords of decreasing length by looking at data on a table or 
spreadsheet 

 

Understand that the gradient of the tangent can be found from first principles using 

𝑓′(𝑥) = lim
ℎ→∞

( 
𝑓(𝑥+ℎ)−𝑓(𝑥)

ℎ
 )  

Differentiate polynomial functions to find the gradient function using 𝑑𝑦

𝑑𝑥
 notation, 

𝑓’(𝑥) notation and using variables other than 𝑦 and 𝑥 
 

Differentiate functions that need first to be rewritten as polynomials  

Use the gradient function to find the gradient at a given point  

Find the equation of a tangent at a given point  

Find the equation of a normal at a given point  

Use 𝑑𝑦

𝑑𝑥
 to investigate increasing and decreasing functions  

Use 𝑑𝑦

𝑑𝑥
 to find turning points  

Distinguish maximum and minimum points by looking at the gradient either side of 

the turning point and by looking at 𝑑2𝑦

𝑑𝑥2  
 

Sketch gradient functions  

Differentiate functions involving fractional or negative powers  

Use differentiation to solve practical problems involving maximum and minimum 
values 
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Chapter 11: Integration  

Understand integration as the reverse of differentiation  

Understand that indefinite integration involves an arbitrary constant  

Use standard results to integrate polynomials  

Use additional information in the question to find the value for the arbitrary 
constant 

 

Integrate functions that need first to be rewritten as the sum of powers of x  

Use the gradient function and one point on a curve to find the equation of a curve  

Evaluate definite integrals  

Use definite integration to find the area between a curve and the x-axis  

Understand that area below the axis is negative  

Find the total area of a region which is partly above and partly below the axis  

Integrate using negative or fractional powers of x (not -1)  

Solve problems, including using rectangles to estimate the area below a curve  

 

Formulas to Learn  
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Chapter 12: Vectors   

Understand the terms vector and scalar  

Understand vectors in two dimensions, and express them in magnitude-direction 
form, using i and j vectors, column vectors and arrow notation 

 

Convert from component form to magnitude-direction form and vice-versa  

Understand equal vectors  

Understand the link between the coordinates of a point and its position vector  

Multiply a vector by a scalar  

Add and subtract vectors  

Find a unit vector in the direction of a given vector by dividing the components by 
the magnitude of the vector 

 

Understand when vectors are parallel  

Use vectors in geometry problems  

 

Mathematical Notation 
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Chapter 13: Exponentials & Logarithms  

Understand the terms exponential growth and exponential decay  

Sketch graphs of exponential functions, showing where the graph crosses the axes 
and the horizontal asymptote 

 

Use exponential models for real life situations  

Understand that the logarithm function is the inverse of the exponential function  

Use the laws of logarithms to rewrite combinations of logs as the log of a single 
expression 

 

Use the laws of logarithms to split up a single log into a combination of logs  

Sketch the graphs of logarithmic functions  

Use logarithms to solve equations and inequalities with an unknown power  

Rewrite log statements as exponential statements and vice versa  

Use the number e and the exponential function in context  

Sketch the transformation of the graph of 𝑦 = 𝑒𝑥  

Differentiate 𝑦 = 𝑒𝑘𝑥 y and use 𝑑𝑦

𝑑𝑥
 in problems  

Know that the gradient of 𝑦 = 𝑒𝑘𝑥 is 𝑦 = 𝑘𝑒𝑘𝑥  

Solve problems and sketch graphs involving exponentials.  

Understand and use the natural logarithm function 𝑦 = 𝑙𝑛 𝑥  

Solve problems and sketch graphs involving logarithms  

Model curves by plotting 𝑙𝑛 𝑦 against 𝑙𝑛 𝑥 for curves of the form 𝑦 = 𝑘𝑥𝑛 using the 
gradient and intercept of the new graph to find the values of 𝑘 and 𝑛 

 

Model curves by plotting 𝑙𝑛 𝑦 against 𝑥 for curves of the form 𝑦 = 𝑘𝑎𝑥 using the 
gradient and intercept of the new graph to find the values of 𝑘 and 𝑎 
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Chapter 14: Data Collection   

Understand the problem solving cycle in statistics  

Know how to clean a data set by dealing with outliers and errors  

Understand and use the terms: population, census, sample, outlier, sampling frame, 
sampling fraction, bias, sample error, random variable, parameter 

 

Understand sampling techniques and know their advantages and disadvantages:  
• simple random sample 
• stratified sample and proportional stratified sample 
• cluster sampling 
• systematic sampling 
• quota sampling 
• opportunity sampling 
• self-selecting sample 

 

Calculate the numbers from each group in a stratified sample  
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Chapter 15: Data Processing, Presentation & Interpretation   

Process and represent data collected in order to solve a problem  

Recognise different types of data 
• categorical 
• ranked 
• numerical (both discrete and continuous)  
• bivariate 

 

Work with grouped and ungrouped data  

Select, use and interpret data displays appropriate to the type of data and context 
• bar charts, dot plots, pie charts, pictograms 
• stem and leaf, box and whisker plots, vertical line charts 
• frequency charts, histograms 
• cumulative frequency curves 

 

Scatter diagrams and lines of best fit (concept of regression line but no calculations)  

Select, use and interpret summary measures appropriate to the type of data and 
context 

• modal class 
• mean, mode, median, mid-range, weighted mean 
• range, interquartile range, semi-interquartile range 
• standard deviation and variance 

 

Correlation coefficients  

Identify outliers  

Calculate standard deviation (single, frequency, grouped) 
• using a calculator 
• using summary statistics 
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Chapter 16: Probability   

Measure probability using the number of ways an event can happen and the number 
of equally likely outcomes 

 

Estimate probability using a number of trials  

Interpret probabilities of 0 and 1  

Find the probability of the complement of an event 𝑃(𝐴′) = 1 − 𝑃(𝐴)  

Calculate expected frequency using 𝑛𝑝  

Use set notation and Venn diagrams in probability problems  

Understand the term mutually exclusive  

Know that the sum of probabilities of mutually exclusive events is 1  

Use 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) for mutually exclusive events  

Use 𝑃(𝐴 ∪ 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 ∩ 𝐵) for non-mutually exclusive events  

Use a sample space diagram to solve probability problems with two events  

Use a tree diagram to solve probability problems with two events  

Understand independent and dependent events and use  𝑃(𝐴 ∩ 𝐵) = 𝑃(𝐴) × 𝑃(𝐵)  

Understand risk notation as ‘1 in …’  

Work with simple probability distributions  

Understand the terms random variables and expectation  

Know the mean is also called the expectation and 𝐸(𝑥) = ∑( 𝑥 × 𝑃(𝑋 = 𝑥) )   
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Chapter 17: Binomial Distribution  

Recognise a situation which gives a random variable which can be modelled by a 
binomial distribution: 

• you are conducting trials on random samples of size 𝑛 
• there are two possible outcomes, referred to as success and failure 
• both outcomes have fixed probabilities 𝑝 and 𝑞, where 𝑝 +  𝑞 =  1 

 

Know that for the binomial distribution to be a good model, these assumptions are 
needed: 

• the outcome of each trial is independent of the outcome of any other trial 
• the probability of success is the same on each trial 

 

Know the notation used for the binomial distribution 𝐵(𝑛, 𝑝)  

Use the formula 𝑃(𝑋 = 𝑟) =  𝐶𝑟 𝑝
𝑟𝑞𝑛−𝑟

 
𝑛   to calculate the probability of 𝑟 successes    

Know that for binomial distribution, the expected number of successes is 𝐸(𝑋)  =  𝑛𝑝  

Calculate the number of trials needed to give the probability of at least one success  
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Chapter 18: Hypothesis Testing using Binomial Distribution   

Perform a hypothesis test by  
• Defining a null hypothesis Ho (the default position that nothing special has 

occurred) 
• Choosing an alternative hypothesis H1 (that there has been a change in 

position) 
• Choosing a significance level (the level at which you say there is enough 

evidence to reject the null hypothesis) 
• Calculating the p-value, the probability of the outcome of the test or a more 

extreme value 
• Comparing the p-value with the significance level 
• Stating the conclusion of the test 

 

Use a calculator or cumulative probability tables to find 𝑃(𝑋 ≤  𝑟) for 𝑋 ~ 𝐵(𝑛, 𝑝)  

Understand and use the terms critical values, critical region and acceptance region in 
hypothesis testing 

 

Recognise a situation which gives a 2-tailed hypothesis test and perform the test as 
above 

 

Know that the significance level is the probability of incorrectly rejecting the null 
hypothesis (ie rejecting Ho when it is actually correct) 
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Chapter 19: Kinematics   

Understand and use the terms: distance, displacement, position, speed, velocity, 
acceleration 

 

Understand and use the SI units for these quantities  

Know that displacement, position, velocity and acceleration are vector quantities with 
magnitude and direction 

 

Know that distance, speed and time are scalar quantities with magnitude only  

Calculate average speed by dividing total distance by total time taken  

Calculate average velocity by dividing displacement by time taken  

Calculate average acceleration by dividing the change in velocity by time taken  

Draw and interpret distance-time and displacement-time graphs 
• Use the gradient to find speed and velocity 

 

Draw and interpret speed-time and velocity-time graphs 
• Use the gradient to find acceleration 
• Use the area under the graph to find distance and displacement 
• Use the area below the axis for negative displacement 

 

Recall and use the constant acceleration equations (suvat) and use them in problem 
solving 

 

Solve problems for vertical motion under gravity using g 
• Using u = 0 (the object is dropped) 
• Using v = 0 (the highest point) 
• Using s = 0 (the object returns to its original position) 

 

Use simultaneous equations with the suvat equations to solve problems with two 
unknowns  

 

Deal with problems with a non-zero initial displacement  

Understand and use the idea of a mathematical model 
• Make simplifying assumptions 
• Define variables and set up the equations 
• Solve the equations to predict the outcome 
• Compare the model with the actual outcome and if necessary, think again 
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Chapter 20: Forces and Newton’s Laws of Motion   

Draw and label force diagrams  

Understand and use the terms 
• Resultant Force 
• Equilibrium 
• Centre of mass 
• Friction 
• Smooth 
• Normal reaction 

 

Understand and use different types of force 
• Driving force 
• Braking force 
• Resistance 
• Tension  
• Thrust or compression 

 

Understand and use Newton's three laws of motion  

Understand and use the connection between mass and weight (𝑊 = 𝑚𝑔)  

Form and solve equations of motion of connected particles 
• Where the objects are in equilibrium 
• Where both objects travel in the same direction 
• Where the objects are connected via a pulley and move in different directions 
• By looking at the system as a whole and by looking at each of the particles 

separately 

 

Understand the modelling assumptions needed for the model used in a problem  

Solve problems which combine information about forces and information about travel 
using acceleration to link two aspects 
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Chapter 21: Variable Acceleration  

Sketch displacement-time graphs and velocity-time graphs where the acceleration is 
not constant 

 

Differentiate an expression in 𝑡 for displacement 𝑠 to obtain an expression for 
acceleration 𝑎 

 

Differentiate an expression in 𝑡 for velocity 𝑣 to obtain an expression for acceleration 
𝑎 

 

Integrate an expression in 𝑡 for velocity to obtain an expression for displacement 
• using the additional information in the question to obtain a value for the 

constant of integration 
• or using limits of integration 

 

Integrate an expression in 𝑡 for acceleration to obtain an expression for velocity 
• using the additional information in the question to obtain a value for the 

constant of integration 
• or using limits of integration 

 

Solve problems where the motion has variable acceleration  
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