Curriculum Map: Further Mathematics Year 12
	
	Autumn 1
	Autumn 2
	Spring 1
	Spring 2
	Summer 1
	Summer 2

	Content
Declarative knowledge
‘I Know’
	Matrices

The zero and identity matrices

The matrix representations of simple 2D transformations

The interpretation of 2x2 determinants as scale factors, including the effect on orientation

The properties of singular matrices

Complex Numbers

The definition of imaginary and complex numbers

The complex conjugate of a complex number

The geometrical representation of complex numbers in Argand diagrams

Roots of Polynomials

The sums and products of the roots of polynomials up to degree 4

The relationship between the coefficients of polynomials and their roots

	Further Vectors

The vector and Cartesian forms of an equation of a straight line in 3D, as well as the form (r – a) × b = 0


Conic sections

What the conic sections are 

What the equations of an ellipse, a hyperbola and a parabola are

What the graphs of an ellipse, a hyperbola and a parabola look like


Rational functions

When graphs have horizontal and vertical asymptotes

Properties of graphs of rational functions


Hyperbolic functions

The definitions of sinh x, cosh x and tanh x

Inverse hyperbolic functions

	Dimensional Analysis

Dimensions of quantities
.

Momentum and collisions

Momentum = mv

Coefficient of Restitution (Newton’s Experimental
Law): e = speed of separation/speed of approach.

Impulse 
= change in momentum
= mv – mu
= Ft (for a constant force)

Impulse = ∫ F dt for a variable force


Polar Coordinates

The polar form of coordinates 

Properties of polar curves


Proof by Induction

The principle of proof by induction





Series

The standard formulae for 

What a Maclaurin series is 

The method of differences


	Work, Energy, Power

Work done 
= force x distance moved in direction of force

Gravitational potential energy: GPE = mgh

Kinetic energy: 
KE = ½ mv2

Hooke’s law: T = kx or [image: ]

Elastic Potential Energy:
[image: ] and [image: ]

Work done by a variable force: WD = ∫ Fdx 

Power: P = Fv

Further Calculus

What the mean value of a function is

What a volume of revolution is


Discrete Random Variables (DRV)

The properties of discrete random variables

What the expectation and variance of a DRV are

The effect which transformations of DRVs have on the expectation and variance

The Poisson Distribution

The conditions for a Poisson model

The probability density function of a Poisson distribution

	Circular Motion

Radians as a measure of angles

The definition of angular speed

The relationships between speed, angular speed, radius and acceleration:
[image: ]

Chi - Squared tests

What a contingency table is

The Chi- squared distribution

What a p-value is and what a critical region is

Continuous Random Variables (CRV)

The properties of continuous random variables

What the expectation and variance of a CRV is

The effect which transformations of CRVs have on the expectation and variance


Further Hypothesis testing and confidence intervals

Explain what type I and type II errors are in context of a model

What a confidence interval is




	Further Vectors 
(A2 content)

The vector and Cartesian forms of the equation of a plane

The properties of the vector product

The equation of a straight line in the form 
(r – a) × b = 0


Further Complex numbers (A2 content)

De Moivre’s Theorem

Euler’s formula

The exponential form of a complex number



	Skills
Procedural Knowledge
‘I know how to’
	Matrices

Add, subtract and multiply conformable matrices; multiply a matrix by a scalar

Use zero and identity matrices

Use matrices to represent linear transformations in 2D; successive transformations; single transformations in 3D (3D transformations confined to reflection in one of x = 0, y = 0, z = 0 or rotation about one of the coordinate axes)

Find invariant points and lines for a linear transformation

Calculate determinants of 2×2 matrices

Calculate and use the inverse of non-singular 2×2 matrices


Complex Numbers

Add, subtract and multiply complex numbers

Division of complex numbers using complex conjugates 

Represent complex numbers on an Argand diagram

Find loci in the complex plane

Complete operations in modulus-argument form


Roots of Polynomials

Find the roots of polynomials up to degree 4

Find the equation of a polynomial given its roots

Find the roots and new equation after transforming a given equation






	Further Vectors

Use the vector and Cartesian forms of an equation of a straight
line in 3D

Find the intersection of two lines

Calculate the perpendicular distance between two lines and from a point to a line

Conic sections

Find the equations of ellipses, hyperbolas and parabolas and transformations of these

Sketch the graphs of ellipses, hyperbolas and parabolas and transformations of these

Find points of intersections of graphs of conic sections

Find the equations of tangents and normals of conic sections


Rational functions

Sketch the graphs of functions of the form 
  and 


Use graphs of rational functions to solve inequalities  


Hyperbolic functions

Sketch the graphs of sinh x, cosh x and tanh x

Sketch the graphs of the inverse hyperbolic functions

Solve equations involving hyperbolic functions

Use and prove hyperbolic identities 


	Dimensional Analysis

Check for dimensional consistency

Predict formulae by finding powers in potential formulae


Momentum and collisions

Use conservation of momentum for linear motion and cases
where velocities are given as 1D or 2D vectors

Use the coefficient of restitution in direct collisions and impacts with a fixed
smooth surface

Use impulse to solve problems

Use Impulse = ∫ F dt for a variable force


Polar Coordinates

Convert between polar coordinates and Cartesian coordinates

Sketch polar curves


Proof by Induction

How to construct a proof by induction


Series

Manipulate series and
apply the formulae for  to related series

Use the Maclaurin series for  to find related expansions

Use the method of differences to evaluate series


	Work, Energy, Power

Calculate the work done by a force acting in the direction of motion or
directly opposing the motion

Use GPE and KE in conservation of
energy problems

Use Hooke’s Law including using the modulus of elasticity

Use EPE in conservation of energy problems

Use WD = ∫ Fdx in conservation of energy problems with a variable force

Use power in energy problems




Further Calculus

Use integration to find the mean value of a function

Use integration to find volumes of revolution


Discrete Random Variables 

Find the probability distribution of a DRV

Find the expectation and variance of DRV and transformations of these

Use the discrete uniform distribution


The Poisson Distribution

Find probabilities using the Poisson distribution

Test the mean rate in hypothesis tests 
	Circular Motion

Calculate the angular speed, speed, radius and acceleration of an object in circular motion using:
[image: ] 

Chi - Squared tests

Assess whether two values are independent by constructing Chi - squared tests

Find the expected frequencies in a contingency table

Continuous Random Variables

Find the probability density function of a CRV 

Find the expectation and variance of CRVs and transformations of these

Further Hypothesis testing and confidence intervals

Find the probability of a type I error

Find confidence intervals to draw conclusions about the mean of a population

Use the findings of a confidence interval in a hypothesis test


	Further Vectors 
(A2 content)

Use the vector and Cartesian forms of the equation of a plane

Calculate vector products

Use the equation of a straight line in the form 
(r – a) × b = 0

Calculate the angle between two planes
and the angle between a line and a plane

Find the point of intersection of a line and a plane

Calculate the perpendicular distance
from a point to a plane





Further Complex numbers (A2 content)

Prove De Moivre’s Theorem

Convert between the Cartesian, trigonometric and exponential forms of a complex number 

Represent the multiplication of complex numbers geometrically

Find roots of unity 

Find roots of a complex number

Factorise expressions involving complex numbers



	Strategies
Conditional Knowledge
‘I know when to’
	Matrices

Identify when it is possible to add, subtract and multiply two matrices

Apply successive matrix transformations

Calculate the inverse of 2x2 matrices to solve matrix equations

Complex Numbers

Compare real and imaginary parts to solve problems involving complex numbers

Represent complex numbers in x + iy form 
or modulus-argument form 

Apply loci problems to complex numbers

Roots of Polynomials

Use the relationships between the coefficients of polynomials and their roots to determine roots of polynomials
	Further Vectors

Check whether vectors are perpendicular by using the scalar product

Calculate the scalar product to find the angle between two lines


Conic sections

Write the equations of the conic sections in different forms

Apply transformations to the conic sections

Rational functions

Sketch the graphs of rational functions to help solve equations and inequalities

Hyperbolic functions

When solving hyperbolic equations, determine when to use the exponential definitions and when to use hyperbolic identities

	Dimensional Analysis

Use dimensional analysis to check formulae for consistency

Momentum and collisions

Use I = Ft and I = ∫ F dt
as appropriate

Use change in momentum, impulse and the coefficient of restitution when modelling problems


Polar Coordinates

Use symmetries, minimum and maximum values and tangents at the pole to determine properties of polar curves

Proof by Induction

When to use proof by induction (such as in proofs involving divisibility, series, matrices and 
inequalities) 

Series

When the Maclaurin series for  , sin x, cos x and 
can be applied and the values for which the expansions are valid



	Work, Energy, Power

Use GPE, KE, EPE and WD when modelling problems

Use Hooke’s law when modelling problems

 
Further Calculus
 
Use volumes of revolution to find volumes of spheres and cones

Discrete Random Variables 

Model a problem using discrete random variables

Use the expectation to make conclusions about a model e.g. to find the expected profit or loss in a model

Use the variance to evaluate the consistency and accuracy of a model

The Poisson Distribution

Apply the Poisson model to a problem

Use the Poisson distribution in hypothesis tests
	Circular Motion

Model the motion of a particle as moving in a circle with constant speed

Chi - Squared tests

When to construct a goodness of fit test

When to combine columns or rows to increase the accuracy of a goodness of fit test

When to conclude that two variables are dependent

Continuous Random Variables

Model a problem using CRVs

Use the expectation to draw conclusions about the model 

Use the variance to evaluate the consistency and accuracy of a model


	Further Vectors (A2 content)

Use vector products to find the area of a triangle

Calculate the scalar product to express the equation of a plane

Further Complex numbers (A2 content)

Convert complex numbers to their exponential or trigonometric forms to help solve problems

Use complex numbers and apply De Moivre’s Theorem to derive trigonometric identities

Use complex numbers to find exact values of trigonometric functions

Apply the different forms of complex numbers to form expressions for trigonometric series



	
Key Questions
	Questions will use the following question stems to assess the understanding of the above topics:
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Assessment topics
	
Matrices Topic Assessment

Complex Numbers and Roots of Polynomials Topic Assessments
	
Further Vectors Topic Assessment

Conic Sections, Rational Functions and Hyperbolics Topic Assessments
	
Impulse and Momentum Topic Assessment

Polar Coordinates, Series and Proof by Induction Topic Assessments

	
AS Pure Maths assessment

Work, Energy and Power, Elastic Strings and Springs Topic Assessments

DRVs and Poisson distribution Topic Assessments

	
AS Statistics assessment

AS Mechanics assessment

Full (public) AS Further Maths Exams

	
Further Vectors Topic Assessment

Further Complex numbers Topic Assessment

	
Cross curricular links/
Character Education
	
Computing (matrices)

Physics (complex numbers) 

Engineering (complex numbers and matrices)
	
Computing (vectors)

Physics (vectors and conic sections)

Engineering (hyperbolic functions)
	
Physics (dimensional analysis and momentum and collisions)

Engineering (dimensional analysis, momentum and collisions, Polar coordinates, series)

	
Physics and Engineering (work, energy and power)

Biology (DRV, Poisson distribution)

Psychology (hypothesis tests) 

Medicine (Poisson distribution and hypothesis tests)
	
Physics and Engineering (circular motion)

Biology, Psychology, 
Geography and Medicine (Chi - squared tests and CRVs)
	
Computing (further vectors)

Physics and Engineering (further vectors and complex numbers)
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