Curriculum Map: Further Mathematics Year 13
	
	Autumn 1
	Autumn 2
	Spring 1
	Spring 2
	Summer 1
	Summer 2

	Content
Declarative knowledge
‘I Know’
	Matrices, Eigenvalues 
and Eigenvectors

The geometrical interpretation of the solution and failure of solution of three simultaneous linear equations

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

The geometrical significance of eigenvalues and eigenvectors


Chi Squared Tests

The formula for Yates’ correction


Continuous Distributions

The cumulative distribution function

The rectangular distribution



	Mechanics in 2D

Impulse =  Ft 
               = mv – mu

Work done = Fdcosθ

Power = Fv


Moments

Moment 
= Force x perpendicular distance from pivot to force line

Centre of Mass

The position of the centre of mass for simple shapes


Hypothesis testing

The conditions of a 
T-distribution


Confidence intervals

The formula for confidence intervals when the population variance is unknown



	Further Circular Motion

The position, velocity and acceleration as vectors in the context of circular motion

The conditions for an object to complete vertical circles


Conic sections

Parametric and Polar forms of the conic sections


Graphs and Inequalities

The properties of graphs of the form  

The properties of graphs of the form 


Polar Areas

The area between a polar curve and the half lines
and  
is given by 






Maclaurin series and limits

The formulae for the Maclaurin series of  including the general term

The conditions for L’Hôpital’s rule

The definition of an improper integral

The limits  and for 
	Second Order Differential Equations

The form of the solutions for a second order differential equation, based on the solutions to the auxiliary equation.

The conditions for different types of damping in oscillations

The link between the discriminant of the auxiliary equation being positive or zero or negative and the related form of solution of the differential equation

Analyse and interpret models of situations with one independent variable and two dependent variables as a pair of coupled 1st order simultaneous equations and be able to solve them, for example predator-prey models



Further Hyperbolic functions

The definitions for the reciprocal hyperbolic functions

The derivatives and integrals of the hyperbolic functions


Further calculus

The derivatives of inverse trigonometric functions

The integrals  and 

The formulae for arc length and the area of surface of revolution 

The reduction formulae for integration

	Numerical Methods

The mid-ordinate rule and Simpson’s rule can be used as approximations when integration is not possible.

Understand the origins of the mid-ordinate rule formula.

Euler’s method and the improved Euler method can be used to solve first order differential equations when other methods fail.



	-

	Skills
Procedural Knowledge
‘I know how to’
	Matrices, Eigenvalues
and Eigenvectors

Calculate determinants of 3×3 matrices

Calculate and use the inverse of non-singular 3×3 matrices.

Find eigenvalues and eigenvectors of 2×2 and 3×3 matrices

Find and use the characteristic equation


Continuous Distributions

Convert between a cumulative distribution  and a probability density function

Find the median, quartiles and percentiles of a continuous distribution

Prove the formulas for the expectation and variance of random variable following a rectangular distribution


Chi - Squared Tests

Use Yates’ correction 




























	Mechanics in 2D

Use conservation of momentum by resolving problems in two dimensions

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

Calculate impulse and its relation to momentum

Use Work done = Fdcosθ

Use of Power = Fv



Moments

Determine the forces acting on a rigid body in
equilibrium

Centre of Mass

Calculate the centre of mass for a system of particles

Calculate the centre of mass for a composite body

Calculate centre of mass of a lamina by integration

Calculate centres of mass of bodies formed by rotating a region about the x-axis.


Hypothesis testing

Find probabilities using the T-distribution

Find the probability of a type II error


Confidence intervals

Find a confidence interval
using the T-distribution 

	Further Circular Motion

Use position, velocity and acceleration as vectors in the context of circular motion

Solve circular motion problems in a vertical plane

Solve conical pendulum problems, with one or two strings

Conic sections

Convert between Parametric, Polar and Cartesian forms for the conic sections

Find the equations of transformations of the conic sections including rotations and enlargements

Graphs and Inequalities

Sketch the graph of 
, given 

Sketch the graph of
given 

Take the modulus of functions and solve associated inequalities

Polar Areas

Find the area between a polar curve and the half lines and  

Find the area between two polar curves

Maclaurin series and limits

Use Maclaurin’s formulae to derive the Maclaurin series of  and ( and find the find the Maclaurin series of other differentiable functions

Evaluate the limit of Maclaurin’s series

Evaluate the limit of rational functions using L’Hôpital’s rule

Evaluate improper integrals
	Second Order Differential Equations

Solve differential equations of the form  y”+ay’+by = 0 where a and b are constants, by using the auxiliary equation

Solve differential equations of form  y”+ay’+by = f(x) where a and b are constants, by solving the homogeneous case and adding a particular integral to the complementary function (in cases where f(x) is a polynomial, exponential or trigonometric function)

Solve the equation for simple harmonic motion [image: ] and relate the solution to the motion.




Further Hyperbolic functions

Use hyperbolic identities to solve equations

Differentiate and integrate hyperbolic functions


Further calculus

Differentiate functions involving inverse trigonometric functions

Integrate functions of the form  and 

Find the arc length and area of surface of revolution for curves expressed in Cartesian or parametric coordinates. 

Derive and use the reduction formulae for integration


	Numerical Methods

Use the mid-ordinate rule and Simpson’s rule for integration

Use Euler’s step by step method for solving first order differential equations

Use the improved Euler method for solving first order differential equations


	-

	Strategies
Conditional Knowledge
‘I know when to’
	Matrices, Eigenvalues
and Eigenvectors

Solve three linear simultaneous equations in three variables by use of the inverse matrix

Factorise determinants using row and column operations

Diagonalise matrices; M = UDU−1; Mn = UDnU−1 when eigenvalues are real.


Chi - Squared Tests

Yates’ correction needs to be applied in Chi - Squared tests


Continuous Distributions

Find the cumulative distribution function or the probability density function

Model a random variable using the rectangular distribution

	Mechanics in 2D

Use conservation of momentum, coefficient of restitution, power, impulse and work done


Moments

Use moments and couples


Centre of Mass

Consider conditions for sliding and toppling in problems, including
suspension and on an inclined plane


Hypothesis testing

Use the T-distribution instead of the Normal distribution in hypothesis tests 


Confidence intervals

Use the T-distribution instead of the Normal distribution in confidence intervals

	Further Circular Motion

Use conservation of energy to solve vertical circular motion problems


Conic sections

Combine transformations


Graphs and Inequalities

Sketch the graphs
of  and  to solve associated inequalities


Maclaurin series and limits

Use Maclaurin series to evaluate the limit of a function

Use L’Hôpital’s rule to evaluate the limit of a function 

Use the limits
 and for and apply to improper integrals
	Second Order Differential Equations

Model damped oscillations using 2nd order differential equations and interpret their solutions

Understand light, critical, and heavy damping and be able to determine when each will occur

Use models for damped motion where the damping force is proportional to the velocity.

Use Hooke’s law with
T = kx to formulate a differential equation for simple harmonic motion

Further Hyperbolic functions

Use hyperbolic identities to solve equations and also to differentiate and integrate hyperbolic functions

Further Calculus
Integrate using partial fractions (extended to quadratic factors in the denominator)

Choose suitable trigonometric substitutions to integrate functions

Use the reduction formulae in integration
	Numerical Methods

Identify when numerical methods will fail

Use more strips to improve the accuracy of the numerical integration method

Conclude whether an approximation will be an over- or underestimate for the exact area under the graph
	-

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

Calculate…
Evaluate…
Find…
Simplify…
Express in the form…
Solve…
Sketch…
Justify…
Prove that…
Verify…
State…
Critique…
State your modelling assumptions.
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	Assessment topics
	Matrices topic assessment

Eigenvalues and Eigenvectors topic assessment

Chi –squared tests and Continuous Random Variables topic assessment

	Working in 2D topic assessment

Moments of Forces topic assessment

Centre of Mass topic assessment

A Level Further Maths Statistics Practice Paper
	Further Circular Motion topic assessment

Polar coordinates, Conic sections, Graphs and Inequalities and Maclaurin series and Limits topic assessments.

[bookmark: _GoBack]A Level Further Maths Mechanics Practice Paper
	Second Order Differential Equations topic assessment

Hyperbolic Functions and Further Calculus topic assessments

PPE (Assessing Further Statistics, Further Mechanics and Further Pure Mathematics)
	Numerical Methods topic assessment

A-Level Further Maths Practice Papers

A Level Further Mathematics Exams
	A Level Further Mathematics Exams 

	Cross curricular links/Character Education
	Computing (matrices and eigenvectors)

Biology, Psychology, Geography and Medicine (Chi - squared tests and continuous distributions)
	Physics (energy and forces, impulse and momentum, moments and centre of mass)

Biology, Psychology, Geography and Medicine (hypothesis testing and confidence intervals)
	Physics and Engineering (Polar coordinates, circular motion and mechanics)
	Physics and Engineering (differential equations, hyperbolic functions and calculus)
	Computing and Engineering (numerical methods) 
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