GCE ADVANCED SUBSIDIARY (AS) AND ADVANCED (A) LEVEL SPECIFICATIONS Revised Subject Criteria for Mathematics (QCA, December 2002)
        Core content material for AS and A level examinations in mathematics is listed below.

	KEY

( Short challenge 10-15 minutes

( Longer or open ended challenge

Challenge levels:

(
((
(((
	NRICH www.nrich.maths.org problems linked to 
the Core content for AS and A Level Mathematics
 (N.B. This is work in progress)
We would welcome comments and suggestions from students and teachers. 
Contact Toni Beardon (lab11@cam.ac.uk)
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	AS core content
	A2 core content

	
	3.3.1 Algebra and functions

	(a)
(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)


	Laws of indices for all rational exponents.

Giants (  ((
 http://nrich.maths.org/public/viewer.php?obj_id=649
Climbing Powers  (  ((
 http://nrich.maths.org/public/viewer.php?obj_id=324
Use and manipulation of surds.

The Root of The Problem (   (( http://nrich.maths.org/public/viewer.php?obj_id=901
Absurdity  (  (
http://nrich.maths.org/public/viewer.php?obj_id=274
Quadratic functions and their graphs.  The discriminant of a quadratic function. 

Completing the square.  

Proof Sorter- Quadratic Equation ( (( http://nrich.maths.org/public/viewer.php?obj_id=1394
Solution of quadratic equations.

Power Quady ( (
http://nrich.maths.org/public/viewer.php?obj_id=1838
Quadratic Harmony  (  (
http://nrich.maths.org/public/viewer.php?obj_id=478
Simultaneous equations: analytical solution by substitution, e.g. of one linear and one quadratic equation.

System Speak ( ((
http://nrich.maths.org/public/viewer.php?obj_id=543
Always Two (  ((
http://nrich.maths.org/public/viewer.php?obj_id=525
Solution of linear and quadratic inequalities.

Article: Proofs with Pictures

http://nrich.maths.org/public/viewer.php?obj_id=1382
Unit Interval ( ((
http://nrich.maths.org/public/viewer.php?obj_id=663 

Eyes Down ( ((
http://nrich.maths.org/public/viewer.php?obj_id=1936
In between  (  (
http://nrich.maths.org/public/viewer.php?obj_id=2056
Algebraic manipulation of polynomials, including expanding brackets and collecting like terms, factorization and simple algebraic division; use of the Factor Theorem and the Remainder Theorem

Sums of Squares ( (
http://nrich.maths.org/public/viewer.php?obj_id=1930
Common Divisor  ((
http://nrich.maths.org/public/viewer.php?obj_id=377
Root to Poly ( (
http://nrich.maths.org/public/viewer.php?obj_id=370
Polynomial Relations  (  (
http://nrich.maths.org/public/viewer.php?obj_id=331
Graphs of functions; sketching curves defined by simple equations.  

Witch of Agnesi ( (
http://nrich.maths.org/public/viewer.php?obj_id=472
Geometrical interpretation of algebraic solution of equations.  

Use of intersection points of graphs of functions to solve equations.

Intersections ( ((
http://nrich.maths.org/public/viewer.php?obj_id=5438
Knowledge of the effect of simple transformations on the graph of y = f(x) as represented by y = af(x),  y = f(x) + a, 

y = f(x + a),  y = f(ax);

Parabolic Patterns  (  (
http://nrich.maths.org/public/viewer.php?obj_id=773

	Simplification of rational expressions including factorising and cancelling, and algebraic division.

Problem and article – Telescoping Functions

http://nrich.maths.org/public/viewer.php?obj_id=1323
Definition of a function.  Domain and range of functions.  Composition of functions.  Inverse functions and their graphs.

The modulus function.

 Slide ( (
http://nrich.maths.org/public/viewer.php?obj_id=2692
Combinations of these transformations.

Parabolas Again (  (
http://nrich.maths.org/public/viewer.php?obj_id=791
Rational functions.  Partial fractions (denominators not more complicated than repeated linear terms).

Complex Partial Fractions (first part of this problem) ( (
http://nrich.maths.org/public/viewer.php?obj_id=2380


	
	3.3.2   Coordinate geometry in the (x,y) plane

	(a)
(b)

(c)
	Equation of a straight line, including the forms y – y1 = m(x – x1) and 
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Conditions for two straight lines to be parallel or perpendicular to each other.

Parabella ( ((
http://nrich.maths.org/public/viewer.php?obj_id=785
Enclosing Squares ( (
http://nrich.maths.org/public/viewer.php?obj_id=763
Co-ordinate geometry of the circle using the equation of a circle in the form  
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, and including use of the following circle properties:

(i)
the angle in a semicircle is a right angle;

(ii)
the perpendicular from the centre to a chord bisects the chord;

(iii)
the perpendicularity of radius and tangent.

Orthogonal Circle  ( ((
http://nrich.maths.org/public/viewer.php?obj_id=359
Baby Circle  (  (
http://nrich.maths.org/public/viewer.php?obj_id=255

	Parametric equations of curves and conversion between Cartesian and parametric forms.

Folium of Descartes  (  (
http://nrich.maths.org/public/viewer.php?obj_id=458


	
	3.3.3 Sequences and series

	(a)
(b)

(c)

(d)

(e)
	Sequences, including those given by a formula for the nth term and those generated by a simple relation of the form xn+1 = f(xn).

Arithmetic series, including the formula for the sum of the first n natural numbers.

Proof Sorter – Sum of an AP ( (
http://nrich.maths.org/public/viewer.php?obj_id=1418
Prime AP (  (
http://nrich.maths.org/public/viewer.php?obj_id=396
The sum of a finite geometric series; the sum to infinity of a convergent geometric series, including the use of 
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Clickety Click and All the Sixes  (  (
http://nrich.maths.org/public/viewer.php?obj_id=1952
Binomial expansion of 
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 for positive integer n.  The notations n! and 
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Tens (proofs use Bimomial Theorem and other methods) ( ((
http://nrich.maths.org/public/viewer.php?obj_id=5562
Summit ( (
http://nrich.maths.org/public/viewer.php?obj_id=451
Binomial  ( (
http://nrich.maths.org/public/viewer.php?obj_id=350

	Binomial series for any rational n.
Discrete Trends (  ((
http://nrich.maths.org/public/viewer.php?obj_id=2675

	
	3.3.4 Trigonometry

	(a)

(b)

(c)

(d)

(e)

(f)

(g)

	The sine and cosine rules, and the area of a triangle in the form 
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Cosines Rule( (
http://nrich.maths.org/public/viewer.php?obj_id=351
Hexi-metry (cosine rule) ( ((
http://nrich.maths.org/public/viewer.php?obj_id=1954
Pythagoras for a Tetrahedron (cosine rule, area formula (  (((
http://nrich.maths.org/public/viewer.php?obj_id=1949
Radian measure, including use for arc length and area of sector.

 Pericut (  (
http://nrich.maths.org/public/viewer.php?obj_id=276
Quadarc (  ((
http://nrich.maths.org/public/viewer.php?obj_id=372
Sine, cosine and tangent functions.  Their graphs, symmetries and periodicity.

Knowledge and use of 
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Solution of simple trigonometric equations in a given interval
	Knowledge of secant, cosecant and cotangent and of arcsin, arccos and arctan. Their relationships to sine, cosine and tangent. Understanding of their graphs and appropriate restricted domains.

Knowledge and use of 
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Knowledge and use of double angle formulae

 t  for Tan ( (
http://nrich.maths.org/public/viewer.php?obj_id=5829
Octa Flower ( (
http://nrich.maths.org/public/viewer.php?obj_id=2689
 Use of formulae for 
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Shape and Territory ( (
http://nrich.maths.org/public/viewer.php?obj_id=310
and of expressions for 
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Loch Ness (Involves modulus function & differentiation) (  (( 

http://nrich.maths.org/public/viewer.php?obj_id=2693


	
	 3.3.5 Exponentials and logarithms

	(a)
(b)

(c)

(d)
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Laws of logarithms:
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Log On ( ((
http://nrich.maths.org/public/viewer.php?obj_id=421
The solution of equations of the form 
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Log Attack ( (
http://nrich.maths.org/public/viewer.php?obj_id=5831
How many?  ( (
http://nrich.maths.org/public/viewer.php?obj_id=334

	The function ex and its graph.

The function 
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 and its graph; 
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Exponential growth and decay.




	
	3.3.6 Differentiation

	(a)
(b)

(c) 

(d)

(e)

(f)
	The derivative of f(x) as the gradient of the tangent to the graph of y =  f (x) at a point; the gradient of the tangent as a limit; interpretation as a rate of change; second order derivatives.

Slide ( (
http://nrich.maths.org/public/viewer.php?obj_id=2692
Differentiation of xn, and related sums and differences;

Applications of differentiation to gradients, tangents and normals, maxima and minima and stationary points, increasing and decreasing functions.

Witch of Agnesi ( (
http://nrich.maths.org/public/viewer.php?obj_id=472

	Differentiation of ex, 
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Differentiation using the product rule, the quotient rule, the chain rule and by the use of 
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Exponential Trend ( (
http://nrich.maths.org/public/viewer.php?obj_id=2677
Quick Route (  (
http://nrich.maths.org/public/viewer.php?obj_id=4749
Differentiation of simple functions defined implicitly or parametrically.

Squareness  (  (((
http://nrich.maths.org/public/viewer.php?obj_id=2694
Folium of Descartes (  (
http://nrich.maths.org/public/viewer.php?obj_id=458
Formation of simple differential equations.

Integral Equation ( (
http://nrich.maths.org/public/viewer.php?obj_id=4933


	
	3.3.7 Integration

	(a)
(b)

(c) 

(d)

(e)

(f)

(g)
	Indefinite integration as the reverse of differentiation.
Integration of xn;
Approximation of area under a curve using the trapezium rule.  Interpretation of the definite integral as the area under a curve.  Evaluation of definite integrals.

Area L  (  ((
http://nrich.maths.org/public/viewer.php?obj_id=2375

	Integration of ex, 
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Evaluation of volume of revolution. 

Simple cases of integration by substitution and integration by parts.  These methods as the reverse processes of the chain and product rules respectively.

Simple cases of integration using partial fractions.

Analytical solution of simple first order differential equations with separable variables.

Out in Space  (  ((
http://nrich.maths.org/public/viewer.php?obj_id=4752


	
	3.3.8 Numerical Methods

	(a)
(b)

(c) 
	
	Location of roots of f(x) = 0 by considering changes of sign of f(x) in an interval of x in which f(x) is continuous.
Spokes  (  (
http://nrich.maths.org/public/viewer.php?obj_id=4894
Approximate solution of equations using simple iterative methods, including recurrence relations of the form xn+1 = f(xn).
Equation Attack (  (
http://nrich.maths.org/public/viewer.php?obj_id=5644
Two Trees  (  (
http://nrich.maths.org/public/viewer.php?obj_id=298
Numerical integration of functions.
Mechanical Integration

http://nrich.maths.org/public/viewer.php?obj_id=477


	
	3.3.9 Vectors

	(a)
(b)

(c) 

(d)

(e)
	
	Vectors in two and three dimensions.

Article: Vectors – What Are They?

http://nrich.maths.org/public/viewer.php?obj_id=2390
Magnitude of a vector.

Algebraic operations of vector addition and multiplication by scalars, and their geometrical interpretations.
Position vectors.  The distance between two points.  Vector equations of lines.

The scalar product.  Its use for calculating the angle between two lines.
Article: Multiplication of Vectors

http://nrich.maths.org/public/viewer.php?obj_id=2393
Cubestick  ( ((
http://nrich.maths.org/public/viewer.php?obj_id=2690
Flexi Quads  (  (
http://nrich.maths.org/public/viewer.php?obj_id=439
Tetra Perp (  (((
http://nrich.maths.org/public/viewer.php?obj_id=1963



QCA preamble:

3.1. Mathematics is, inherently, a sequential subject. There is a progression of material through all levels at which the subject is studied. The criteria therefore build on the knowledge, understanding and skills established in GCSE Mathematics. The core content for AS is a subset of the core content for A level. Progression in the subject will extend in a natural way beyond AS and A level, into Further Mathematics or into related courses in higher education.

Knowledge, Understanding and Skills 
3.2. Proof
AS and A level specifications in Mathematics should require:

(a) Construction and presentation of mathematical arguments through appropriate use of logical deduction and precise statements involving correct use of symbols and appropriate connecting language.
(b) Correct understanding and use of mathematical language and grammar in respect of terms

such as ‘equals’, ‘identically equals’, ‘therefore’, ‘because’, ‘implies’, ‘is implied by’, ‘necessary’, ‘sufficient’, and notation such as ∴, ⇒, ⇐ and ⇔.

In addition, A level specifications in Mathematics should require:

(c) Methods of proof, including proof by contradiction and disproof by counter-example. 

These requirements should pervade the core content material set out in Section 3.3 above. 
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