ASHBOURNE COLLEGE

SoW for AS MATHS (new spec EDEXCEL) 2017/18

HT1 =7 weeks
HT2 =7 weeks
HT3 =6 weeks
HT4 =5 weeks
(Mock weekincludedin above allocation)

The delivery of the course will follow this order:
HT1/2: Pure Maths & Statistics
HT3/4: Pure Maths & Mechanics

Break down ofure maths (100 hours in total):
¥ 2 hours of initial assessment
¥ 90 hours of teaching
¥ 8 hours of Mock Exam

Break down ofipplied math¢50 hours in total)
Statistics
¥ 24 hours of teaching
¥ 4 hours of Mock exam
Mechanics
¥ 18 hours of teaching
¥ 4 hours of Mock exam

The SoW is a framework for teachers to follow as a guide. The Mock exams are to be provisionally
standardised.
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Estimate Date
d hours
Section AbStatisticd
1 Statistical sampling 2 HT1 weekl
A | Introduction to samplingerminology; Advantages and disadvantages
sampling
B | Understand and use sampling techniques; Compare sampling techn
in context
2 Data presentation and interpretation 8 HT1 week 25
A | Calculation and interpretation of measures of locaf@aiculation and
interpretation of measures of variation; Understand and use coding
B | Interpret diagrams for singleariable data; Interpret scatter diagrams ¢
regression lines; Recognise and interpret outliers; Draw simple
conclusions fronstatistical problems
Mock Exam 2 HT1 Week 6
3 Probability: Mutually exclusive events; Independent events 2 HT1 week?7
4 Statistical distributions: Use discrete distributions to model reabrld HT2 week 1-2
situations; Identify the discrete unifordistribution; Calculate 4
probabilities using the binomial distribution (calculator use expected
5 Statistical hypothesis testing 8 HT2 week 37
A | Language of hypothesis testing; Significance levels
B | Carry out hypothesis testsvolving the binomial distribution
Mock exam 2 HT2 week 6
28 hours
Section BbMechanics
6 Quantities and units in mechanics
A I_ntroduction to mathematical modelling and standard S.I. units of len 1 HT3 week 1
— | time and mass
Definitions of force, velocity, speed, acceleration and weight and 1 HT3 weekl
— | displacement; Vector and scalar quantities
7 Kinematics 1 (constant acceleration)
A | Graphical representation of velocity, acceleration and displacement 2 HT3 week?2
B Motion in a straigh_t line under cons_tant acceleratimv,atformulae for 3 HT3 week 34
= | constant acceleration; Vertical motion under gravity
8 Forces & NewtonOs laws
A NewtonOs first law, force diagrams, equilibrium, introductianjto 3 HT3 week46
— | system
Mock Exam 2 HT3 Week 5
NewtonOs second Ia\E,Qnaé, connected particles (no resolving forg HT4 week 1-2
B | oruse ofF = uR); NewtonOs third law: equilibrium, problems involving 3
smooth pulleys
9 Kinematics 2 (variable acceleration)
A | Variable force; Calculus to determine rates of change for kinematics 3 HT4 week 2-3
Mock Exam 2 HT4 weel4
B | Use of integration for kinematics problems ire=|vdt, v=] adt 2 HT 4 Week 5
" 22 hours




Break down of hours:
Statistics
¥ 24 hours of teaching
¥ 4 hours of Mock exam

Mechanics
¥ 18 hours of teaching
¥ 4 hours of Mock exam

W Pearson
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Unit Title Estimated Date
hours
! Initial Assessment 2 HT1 Weekl
1 Algebra and functions 20 HT1 Weekl-6
al| Algebraic expressiornBbasic algebraic manipulation, indices and surds
b| Quadratic function®factorising, solving, graphs and the discriminants
c| Equationsbquadratic/linear simultaneous
d| Inequalitiesblinear and quadratic (including graphical solutions)
e| Graphsbcubic, quartic and reciprocal
f | Transformation®transforming graph®f(x) notation
Mock Exam 2 HT1 Week 6
2 Coordinate geometry in the &, y) plane b(zlzsv()a 2 020y
a| Straightline graphs, parallel/perpendicular, length and area problems 4 HT1 Week7
b| Circlesbequation of a circlegeometric problems on a grid 5 HT2 Week 1-2
3 Further algebra 9 HT2 Week 2-4
al| Algebraic division, factor theorem and prdpfoof can be taught at end)
b| Thebinomial expansion

4 Trigonometry 12 HT2 Week 47

a| Trigonometric ratios and graphs
b| Trigonometricidentities and equations
Mock Exam 2 HT2 Week 6
5 Vectors (2D) 11 HT3 Week 1-3

Definitions, magnitude/direction, addition and scalar multiplication

o)

(=2

Position vectors, distance between two points, geometric problems

6 Differentiation 11 HT3 Week 3-6

a| Definition, differentiating polynomials, second derivatives
b| Gradients, tangents, normals, maxima and minima
Mock Exam 2! HT3 Week 5
7 Integration 10 HT4 Week 1-3
a| Definition as opposite of differentiation, indefinite integralscbf
b| Definite integrals and areas under curves
8l Exponentials and logarithms: Exponential functions and natural 8 HT4 Week 35
logarithms
Mock Exam 2 HT4 Week 4
! 100hours
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Break down of hours:
¥ 2 hours of initial assessment
¥ 90hours of teaching
¥ 8 hours of Mock Exam
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Introduction ! @ Pearson

Content of this document is based on #oereditedversion of Pearson Edexcel Level 3 Advanced
Subsidiary GCE in Mathematics (8MAO) and includes detailed scheme of work for pure and applied
content of AS level Mathematics.

This scheme of work is based upon a-gear delivery model for AS level Mathenzi
It can be used directly as a scheme of work for the AS level Mathematics specification (BMAO).

|
The scheme of work is broken up into units and-sgnits, so that there is greater flexibility for moving
topics around to meet planning neéds.
!
Each unit ontainst
! Specification referencés
I Prior knowledgé
I Keywordd
! Notes!
!
Each sukunit containg:

I Recommended teaching time, though of course this is adaptable according to individual teaching
needs

I Objectives for students at the end of the-snft!

I Teachingpointd

! Opportunities foproblemsolving and mdelling!

I Common nisconceptionsand examinerreportquotes (from legacy Specificatiohs)
I Noted

Teachers should be awatteat the estimated teaching hours are approximate and should be used as a
guideline only!

!

Our free support for the AS and A lewdhthematics specificatioran be found on theearsorEdexcel
Mathematics website  ()¢+,-./*0,12-31456+/7/+4*89,":;' ) and on the Emporium
(www.edexcelmaths.com

|

#l

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



Assessment Model

9!

AS level Mathematics

Paper 1:
Pure Mathematics
62.5%, 2 hours, 100 marks

Paper 2:
Statistics and Mechanics
37.5%, 1 hourl5 minutes60 marks

Pearson Edexcel Level 3 Advanced Subsidiary GCE

in Mathematics  (8MAO0)

One-year Scheme of Work

© Pearson Education

Limited 2017



One-year Scheme of Work overview

AS Mathematics pure content
Pure Mathematics

@ Pearson

‘ Unit Title Estimated hours
1 Algebra and functions
a | Algebraic expressionBbasic algebraic manipulation, indices and surd 2
b | Quadratic function®factorising, solving, graphs and the discrimigant 3
¢ | Equationdbquadratic/linear simultaneous 3
d | Inequalitiesblinear and quadratic (includirgyraphicalsolutiong 4
e | Graphsbcubic, quartic and reciprocal 4
f | Transformation®transforming graph®f(x) notation 4
2 Coordinate geometry in the &, y) plane
a | Straightline graphs, parallel/perpendicular, length and area problems
b | Circlesbequation of a circle, geometric problems on a grid
3 Further algebra
a | Algebraic division, factotheoremand proof 4
b | The binomial expansion 5
4 Trigonometry
a | Trigonometric ratios and graphs 5
b | Trigonometric identities and equations 7
5 Vectors (2D)
a | Definitions, magnitude/direction, addition and scalar multiplication 5
b | position vectors, distance between two points, geometric problems 6
6 Differentiation
a | Definition, differentiating polynomials, second derivatives 5
b | Gradients, tangents, normals, maxima and minima 6
7 Integration
a | Definition as opposite of differentiation, indefinite integralscbf 5
b | Definiteintegrals andreas under curves 5
8l Exponentials and logarithms: Exponential functions and natural 8
logarithms
! 90 hours
%

Pearson Edexcel Level 3 Advanced Subsidiary GCE

in Mathematics  (8MAO0)
One-year Scheme of Work

© Pearson Education  Limited 2017



One-year Scheme of Work overview

AS Mathematics applied content
Statistics and Mechanics

@ Pearson

\ Unit Title Estimated hours
Section AbStatisticd
1 Statistical sampling
a | Introduction to sampling terminology; Advantages dighdvantages of 1
sampling
b _Understand and use sampling techniques; Compare sampling techni 1
in context
2 Data presentation and interpretation
a | Calculation and interpretation of measures of location; Calculation an 3
interpretation of measures of variation; Understand and use coding
b | Interpret diagrams for singheariable datalnterpret scatter diagrams ang
regression lines; Recognise and interpret outliers; Draw simple 5
conclusions from statistical problems
3 Probability: Mutually exclusive events; Independent events 2
4 Statistical distributions: Use discrete distributions to model re@brid
situations; Identify the discrete uniform distribution; Calculate 4
probabilities using the binomial distribution (calculator use expected)
5 Statistical hypothesis testing
a | Language of hypothesis testing; Significance levels 3
b | Carry out hypothesis tests involving the binomial distribution 5
24 hours
Section BbMechanics
6 Quantities and units in mechanics
a I_ntroduction to mathematical modelling and standard S.I. units of leng 1
= | time and mass
b Qefinitions of force, velocity, speed, acpgleration and weight and 1
=~ | displacement; Vector and scalar quantities
7 Kinematics 1 (constant acceleration)
a | Graphical representation of velocity, acceleration and displacement 2
b Motion in a straighF line un<_jer constant acceleratimv,atformulae for 3
~ | constant acceleration; Vertical motion under gravity
8 Forces & NewtonOs laws
a | NewtonOs first law, force diagrams, equilibrium, introductionj teystem 3
NewtonOs second law, ©ma0, connected particles (no resolving forcy
b | or use ofF = pR); NewtonOs third law: equilibrium, problems involving 3
smooth pulleys
9 Kinematics 2 (variable acceleration)
a | Variable force; Calculus to determine rates of change for kinematics 3
b | Use of integration for kinematics problems ire= !th, V:! adt 2
| 18 hours
&

Pearson Edexcel Level 3 Advanced Subsidiary GCE

in Mathematics  (8MAO0)
One-year Scheme of Work

© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

AS Mathematics pure content
Pure Mathematics

‘ Unit Title Estimated hours
1 Algebra and functions
a | Algebraic expressionBbasic algebraic manipulation, indices analds 2
b | Quadratic function®factorising, solving, graphs and the discriminants 3
¢ | Equationdquadratic/linear simultaneous 3
d | Inequalitiesblinear and quadratic (including graphical solutions) 4
e | Graphsbcubic, quartic and reciprocal 4
f | Transformation®transforming graph®f(x) notation 4
2 Coordinate geometry in the &, y) plane
a | Straightline graphs, parallel/perpendicular, length and area problems
b | Circlesbequation of a circle, geometric problems on a grid
3 Further algebra
a | Algebraic division, factotheoremand proof
b | The binomial expansion 5
4 Trigonometry
a | Trigonometric ratios and graphs 5
b | Trigonometric identities and equations 7
5 Vectors (2D)
a | Definitions, magnitude/direction, addition and scalar multiplication 5
b | position vectors, distance between two points, geometric problems 6
6 Differentiation
a | Definition, differentiating polynomials, second derivatives
b | Gradients, tangents, normals, maxima and minima
7 Integration
a | Definition as opposite of differentiation, indefinite integralscbf 5
b | Definite integrals and areas under curves 5
8l Exponentials and logarithms: Exponential functions and natural 8
logarithms
! 90 hours

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

UNIT 1: Algebra and Functions

Return to overview

SPECIFICATION REFERE NCES

2.1 Understand and use the laws of indices for all rational exponents
2.2 Use andnanipulate surds, including rationalising the denominator
2.3 Work with quadratic functions and their graphs

The discriminant of a quadratic function, including the conditions for real and repeated roots
Completing the square

Solution of quadratic equatien including solving quadratic equations in a function of the
unknown

2.4 Solve simultaneous equations in two variables by elimination and by substitution, including one
linear and one quadratic equation

2.5 Solve linear and quadratic inequalities in agfnvariable and interpret such inequalities
graphically, including inequalities with brackets and fractions

Express solutions through correct use of Oand® and Oord, or through set notation
Represent linear and quadratic inequalities sugh>as+ 1 andy > ax’ + bx + ¢ graphically

2.6 Manipulate polynomials algebraically, including expanding brackets, collecting like terms and
factorisationand simple algebraic division; use of the factor theorem

2.7 Understand and use graphs of functions; sketch curves defined by simple equations including
polynomials y!= :— andy = ll—, (including their vertical and horizontal asymptotes)
Interpret algebraic solution of equations graphically; use intersectianispoi graphs to solve
equations

28 Undestand the effect of simple trarsformations on the graph of y = f(x) including sketching
associad graphs:

y=af(x), y=1f(x) +a, y=f(x+a), y="f(ax

PRIOR KNOWLEDGE

GCSE (91) in Mathematics dtligher Tier

A4 Collecting like terms and factorising
N8 Surds

A19 Solving linear simultaneous equations

Al18 Solving quadratic equations (by factorising and completing the square)
A22  Working with inequalities
Solving quadratic inequalities
Al2 Functional mtation and shapes of standard graphs (e.g. parabola, cubic, reciprocal)
N7 Rules of indices

<!

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

KEYWORDS

Expression, function, constant, variable, term, unknown, coefficient, index, linear, identity, simultaneous,
elimination, substitution, factorisegompleting the square, intersection, change the subject,-cross
multiply, power, exponent, base, rational, irrational, reciprocal, root, standard form, surd, rationalise,
exact, manipulate, sketch, plot, quadratic, maximum, minimum, turning point, traasfumptranslation,
polynomial, discriminant, real roots, repeated roots, factor theorem, quotient, intercepts, inequality,
asymptote .

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

la. Algebraic expressions: basic algebraic manipulation, indices and Teaching time
surds (2.1) (2.2) 2 hours
OBJECTIVES

By the end of the subnit, students should:

¥ be able to perform essential algebraic manipulations, such as expanding bracket®gtikect
terms, factorising etc;

¥ understand and be able to use the laws of indices for all raéepahents
¥ be able to use and manipulate surds, including rationalising the denominator

TEACHING POINTS

Recap the skills taught at GCSE Higher Tied |9
Emphasise that in many cases, only a fraction or surd can express the exact answer, so it iig toporta
be able to calculate with surds.

!
Ensure students understand thAt! IYVT is not equal tov/T I I'! and that they know that= is
equivalent tovI T and thas™ is equivalent to:-.
Most students understand the skills needed to complete thadmdations but make basic errors with
arithmetic leading to incorrect solutions.

Questions involving squares, for example/T!!, will need practice.

Students should be exposed to lots of simplifying questions involving fractions as this is where most
marks are lost in exams.

Recap the difference of two squaresHy)(x Dy) and link this to(vT ! /1)(VT! /1) =x Dy,
explaining the choice of term to rationalise the denominator
Provide students with plenty of practice and ensure that they check their answers.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Include examples which involve calculating areas of shapes with side lengths expressed as surds. Exact
solutions for Pythagoras questions is another place where surds occur naturally.

COMMON MISCONCEPTIONS/EXAMI NER REPORT QUOTES

! . , .
Common errors include: misinterpretifgy! ) as!! ! VI1'; evaluating!vV1'!' as 4 instead of 2; slips

when multiplying out brackets; basic arithmetic errors; and leaving surds in the denominator rather than
fully simplifying fractions. Two gamples of errors with indices are, Writilﬁ_g as 3™and Writing!f as

117 these have significant implications later in the course (e.g. differentiation).
Many of these errors can be avoided if students carefully check their work and have pieattioé.

NOTES

Make use of matching activities (e.g. Tarsia puzzles)

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

1b. Quadratic functions: factorising, solving, graphs and discriminants Teaching time
(2.3) 3 hours
OBJECTIVES

By the end of the subnit, students should:
¥ be able twolve a quadratic equation by factorising
¥ be able tavork with quadratic functions and their graphs

¥ know andbe able taise the discriminant of a quadratic function, including the conditions for real
and repeated rogts

! !
¥ be able twomplete the squarege! 11 " L 111 (e )1 (1 o),

I "

¥ be able tasolve quadratic equations, including in a function of the unknown

TEACHING POINTS

Lots of practice is needed as these algebraic skills are fundamental to all subsequent work. Students must
become fluentand continue to develop thinking skills such as choosing an appropriate method, and
interpreting the language in a question. Emphasise correct setting out and notation.

Students will need lots of practice with negative coefficientsx fquared and be reminded to always use
brackets if using a calculator. e.g§ef.

Include manipulation of surds when using the formula for solving quadratic equations. [Link with
previous sufunit.]

Where examples are in a rdifi¢é contexts, students shld check that solutions are appropriate and be
aware that a negative solution may not be appropriate in some situations.

Students must be made aware that thisusibis about finding the links between completing the square
and factorised forms of a quadic and the effect this has on the graph. Use graph drawing packages to
see the effect of changing the value of the@and link this with the roots and hence the discriminant.

Start by drawingy!= x* and add differenk terms followed by different catants in a systematic way.
Then move on to expressions where the coefficient isfnot 1.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Links can be made with Unit 3@Proof:
Proof by deduction: e.g. complete the square to proventan + 10is positive for all values ai.

Disproof by counteexample: show that the statemént Bn + 1is a prime number for all values of
nO is untrue.

The path of an object thrown can be modelled using quadratic graphs. Various questions can be posed
about tke path:

¥ When is the object at a certain height?
¥ What is the maximum height?
¥  Will it clear a wall of a certain height, a certain distance away?

Areas of shapes where the side lengths are given as algebraic expressions.

Proof of the quadratic formul&/orking backwards, e.g. find a quadratic equation whose roo%

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

When completing the square, odd coefficientx abn cause difficulties. Students do not always relate
finding the minimum point and linef gymmetry to completing the square. Students should be provided
with plenty of practice on completing the square with a wide range of quadratic forms.

Notation and layout can also be a problem; students must remember to show all the necessary working
outat every stage of a calculation, particularly on Oshow thatd questions.

Examiners often refer to poor use of the quadratic formula. In some cases the formula is used without
VT
|

|

so that the

division does not extend under theb®,is relatively common. Anothezommon mistake is to think that
the denominator is always 2. Also, students sometimes inckie in their expressions for the
discriminant. Such methods are likely to lose a significant number of marks.

qguoting it first and there are errors in substitution. In particular, the usd of

NOTES

Encourage the use of graphing packages or graphing Apps (e.g. Desmos or Autograph), so students can
graph as they go along and Opicture® their solutions. You can link the rtastninith complex numbers
if appropriate for students also studying Further Maths.

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

Teaching time

1c. Equations: quadratic/linear simultaneous (2.4) 3 hours

OBJECTIVES

By the end of the subnit, students shouid

¥ be able tasolve linearsimultaneous equations using elimination and substitution;

¥ be able tause substitution to solve simultaneous equations where one equation is linear and the
other quadratic

TEACHING POINTS

Simultaneous equations are important both in future pure topics but also for applied maths. Students will
need to be confident solving simultaneous equations including those witinteger coefficients of

either or both variables.

The quadratic may invee powers of 2 in one unknown or in both unknowns, e.g. Sglve?x + 3,

y =X Pix + 8 or XD3yl= 6,xX* Dy ? + 3x = 50.

Emphasise that simultaneous equations lead to a pair or pairs of solutions, and that both variables need to
be found.

Make surestudents practise examples of worded problems where the equations need to be set up.
Students should be encouraged to check their answers using substitution.

Sketches can be used to check the number of solutions and whether they will be positive @a. Adgstiv

will be reviewed and expanded upon as part of the curve sketching topic.

Use graphing packages or graphing Apps (e.g. Desmos or Autograph), so students can visualise their
solutions e.g. straight lines crossing an ellipse or a circle.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Simultaneous equations in contexts, such as costs of items given total cost, can be used. Students must be
aware of the context and ensure that the solutions they give are appropriate to that context.

Simultaneous equationslixbe drawn on heavily in curve sketching and coordinate geometry.

Investigate when simultaneous equations cannot be solved or only give rise to one solution rather than
two.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Mistakes are often due to signsas or algebraic slips which result in incorrect coordinates. Students
should be encouraged to check their working and final answers, and if the answer seems unlikely to go
back and look for errors in their working. Examiners often notice that it is the snocessful candidates

who check their solutions.

Students should remember to find the values of both variables as stopping after finding one is a common
cause of lost marks in exam situations. Students who do remember to find the values of the second
variable must take care that they substitute into a correct equation or a correctly rearranged equations.

|

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
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AS Mathematics: Pure Mathematics @Pearson

1d. Inequalities: linear and quadratic (including graphical solutions) Teaching time
(2.5) 4 hours
OBJECTIVES

By the end of the subnit, students should:
¥ be able tesolve linear and quadratic inequalities
¥ know how to express solutions through correct use of Oand® and Oor0 or through:set notation
¥ be able tanterpret linear and quadratic inequalities graphically
¥ be able taepresent linar and quadratic inequalities graphically

TEACHING POINTS

Provide students with plenty of practice at expressing solutions in different forms using the correct
notation. Students must be able to express solutions using OandO and OorO approprisily, sat by
notation. So, for example:
x<aorx>bisequivalenttox: x<a} ! {x x>b}

and {x: c<x} " {x: x<d}is equivalent tax > c and xI< d.
Inequalities may contain brackets and fractions, but these will be reducible to linear or quadratic
inequalities. For exampl!?,! | becomedg" ! I"'.
StudentsO attention should be drawn to the effect of multiplying or dividing by a negative \&mesthi
also be taken into consideration when multiplying or dividing by an unknown constant.

Sketches are the most commonly used method for identifying the correct regions for quadratic
inequalities, though other methods may be used. Whatever their msthdents should be encouraged
to make clear how they obtained their answer.

Students will need to be confident interpreting and sketching both linear and quadratic graphs in order to
use them in the context of inequalities.
Make sure that students areabble to interpret combined inequalities. For example, solving

ax+ bl>cx+d

pX +gx+r# 0

pX +gx+r<ax+b
and interpreting the third inequality as the range fofr which the curve/= pX* + gx + r is below the line
with equationy!= ax + b.
When representing inequalities graphically, shading and correctly using the conventions of dotted and
solid lines is required. Students using graphical calculators or computer graphing software will need to
ensure they understand any differences betwtdenconventions required and those used by their
graphical calculator.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Financial or material constraints within business contexts can provide situations for using inequalities in
modelling. For those doing furth maths this will link to linear programming.
Inequalities can be linked to length, area and volume where side lengths are given as algebraic
expressions and a maximum or minimum is given.
Following on from using a quadratic graph to model the path obgtt being thrown, inequalities could
be used to find the time for which the object is above a certain height.
P!
Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)

One-year Scheme of Work
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AS Mathematics: Pure Mathematics @Pearson

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Students may make mistakes when multiplying or dividing inequalities by negative numbers.

In examquestions, some students stop when they have worked out the critical values rather than going on

to identify the appropriate regions. Sketches are often helpful at this stage for working out the required
region.

It is quite common, when asked to solveimaquality such as»@ B 17x + 36 <0 to see an incorrect
solution such as@@ D17x + 36 < 03 (2xD9)(x D4) < 0$% <:— X< 4.

1%

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
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AS Mathematics: Pure Mathematics @Pearson

Teaching time

le Graphs: cubic, quartic and reciprocal (2.7) 4 hours

OBJECTIVES

By the end of the subnit, students should:
¥ understand and use graphs of functjons
¥ be able to sketch curves defined by simple equations including polynpmials
¥ be able to use intersection points of graphs to solve equations

TEACHING POINTS

Students should be familiar with the gealeshape of cubic curves from GCSEl(PMathematicsso a

good starting point is asking students to identify key features and draw sketches of the general shape of a
positive or negative cubic. Equations can then be given from which to sketch curves.

Quartic equations will be new to students and they may benefit from initially either plotting graphs by
hand or using a graphical calculator or graphing software to look at the shape of the curve.

Cubic and quartic equations given at this point shouhlieeilready be factorised or be easily simplified
(e.g.y!=x3 + &¢ + 3X) as students will not yet have encountered algebraic division.

The coordinates of all intersections with the axes will need to be found. Where equations are already
factorised,students will need to find where they intercept the axes. Repeated roots will need to be
explicitly covered as this can cause confusion.

Students should also be able to find an equation when given a sketch on which all intersections with the
axes are givenro do this they will need to be confident multiplying out multiple brackets.

Reciprocal graphs in the form! 'I— are covered at GCSE but those in the fdrm "—, will be new.
When sketching reciprocal graphs such as:—and! |'—, , the asymptotewill be parallel to the axes.

Intersecting points of graphs can be used to solve equations, a curve and a line and two curves should be
covered. When finding points of intersection students should be encouraged to check that their answers
are sensibleni relation to the sketch.

OPPORTUNITIES FOR REASONING/PROBLEM SOLV ING

Students should be able to justify the number of solutions to simultaneous equations using the
intersections of two curves.

Students can be given sketches of curves or photographsvefooibjects (e.g. roller coasters, bridges,
etc.) and asked to suggest possible equations that could have been used to generate each sketch.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

When sketching cubic graphs, most students are able to gain marksowing the basic shape and
sketching it passing through the origin. Recognising whether the cubic is positive or negative sometimes
causes more difficulty. Students sometimes fail to recognise the significance of a square factor in the
factorised form of golynomial.

When sketching graphs, marks can easily be lost by not labelling all the key points or labelling them
incorrectly e.g. (0, 6) instead of (6, 0).

&
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AS Mathematics: Pure Mathematics @Pearson

Teaching time

1f. Transformations: transforming graphs (2.8) 4 hours

OBJECTIVES

By the end of the suhbnit, students should:

¥ understand the effect of simple transformations on the gragh &¥);
¥ be able to sketch the result of a simple transformation given the graph of any fyrefici.

TEACHING POINTS

Transformations to be gered are! ! it bbb 0 bl yand! oL,
Students should be able to apply one of these transformations to any of the functions listed and sketch the
resulting graph:

quadratics, cubics, quartics, reciprocals, "—, g gL g 1 and! .
Students will need to be able to transform points and asymptotes both when sketching a curve and to give
either the new point or the equation of the line.

Given a curve or an equation that has been transformed students shoutdtbestdte the transformation
that has been used.

Links can be made with sketching specific curves. Students should be able to sketch curves like

!!!!!!!!!!and!!!—!!
K

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Examples can be used in which theaghr is transformed by an unknown constant and students
encouraged to think about the effects this will have.

The use of graphing packages or graphing Apps (e.g. Desmos or Autograph) can be invaluable here.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Oneof the most common errors is translating the curve in the wrong directionxfera) or f(x) + a.
Students sometimes also apply the wrong scale factor when sketehxng f(
Other errors involve algebraic mistakes and incomplete sketches, or sketcloes kethvalues marked.

Students should be encouraged to check any answers they have calculated against their sketches to check
they make sense

NOTES

Dynamic geometry packages can be used to help students investigate and visualise the effect of
transformaions.
! !
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UNIT 2: Coordinate geometry in the §, y) plane

Return to overview

SPECIFICATION REFERENCES

2.7 Understand and use proportional relationships and their graphs

3.1 Understand and use the equation of a straight line, including the formis ! ! 111 1,1 and
mrmrrr
Gradient conditions for two straight lines to be parallel or perpendicular
Be able to use straight line models in a variety of contexts

3.2 Undersand and use the coordinate geometry of the circle including using the equation of a circle
inthe formd! 1 vt or it
Completing the square to find the centre and radius of a circle
Use of the following properties:
¥ the angle in a semicircle is a rigdingle
¥ the perpendicular from the centre to a chord bisects the chord

¥ the radius of a circle at a given point on its circumference is perpendicular to the tangent to
the circle at that point

PRIOR KNOWLEDGE

Algebraic manipulation covered so far
¥ Simultaneas equations
¥ Completing the square

GCSE (91) in Mathematics at Higher Tier
A9 Equation of a line

Parallel and perpendicular lines
G20 Pythagoras
Al4  Conversion graphs
R10 Calculating the proportionality constdnt
G10 Circle theorems

KEYWORDS

Equation,bisect, centre, chord, circle, circumcircle, coefficient, constant, diameter, gradient, hypotenuse,
intercept, isosceles, linear, midpoint, parallel, perpendicular, proportion, Pythagoras, radius, right angle,
segment, semicircle, simultaneous, tangent.

<
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2a. Straight-line graphs, parallel/perpendicular, length and area Teaching time
problems (3.1) (2.7) 4 hours
OBJECTIVES

By the end of the subnit, students should:

¥ understand and use the equation of a straight line

¥ know and be able to apply the gradiemnditions for two straight lines to be parallel or
perpendicular

¥ be able to find lengths and areas using equations of straight lines

¥ be able to use straiglihe graphs in modelling

TEACHING POINTS

Students should be encouraged to draw sketches wimmedng questions or, if a diagram is given,
annotate the diagram.

Equations can be given or asked for in the fotmhs!" ! I and!" ! I" I 1 I | wherea, bandc are
integers. Students will need to be familiar with both forms, so questions should dendee different

forms are given or required in the answer. Given either form, students should be able to find the intercepts
with the axes and the gradient. Thintercept often causes students more difficulty, so will need more
practice, but is usefiibr sketches and questions involving area or perimeter.

Students should be able to find the equation of a line given the gradient and a point, either the formula
eyt et can be used or the values substituted into!" ! 1. To find the equationf a line

from two points the gradient can be found and then one of the previous two methods used or the formula

— —" can be used. If this formula is used, care needs to be taken to ensure yhedlthes are

Lorny oy

substituted intahe correct places and that negative signs are taken into account. It should be emphasised
that in the majority of cases, the fotni I, ! 1 111 1,1 is far more efficient and less prone to errors

than other methods.

The gradient conditions for parallel daperpendicular lines may be remembered from GCSE),(8ut

are still worth revising. They need to be well understood as they are used further when dealing with
circles and in differentiation. Students should be able to identify whether lines are ppeapjehdicular

or neither and find the equation of a parallel or perpendicular line when given a point on the line.

The length of a line segment is found by using PythagorasO theoremcamioe written as the formula

o/t e 1 This can b linked to proof with students being encouraged to show how

to go from Pythagoras to the formula. Answers to length and distance questions are likely to be given in
surd form, giving further practice in simplifying surds. Students should be encouragjgd smswers in

exact form unless specified otherwise.

Make shapes using lines and the axes; students can then be asked to find the area or perimeter of
composite shapes. Answers should be given in exact form to practise combining and simplifying surds.
Real-life situations such as conversions can be modelled using sthaigtgraphs, this is likely to be
familiar from GCSE (91) Mathematics.

Students should also be familiar with finding the relationship between two variables and expressing this
using the proportion symbo& or using an equation involving a constaky (This can be extended to
straightline graphs through the origin with a gradientkofStudents should be able to calculate and
interpret the gradient.
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OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

To help students see how much information is given in the equation of a line, a good activity is to give an
equation and ask students to find everything they know about thaelinéhe intercepts, a point on the

line, the gradient, a sketchparallel line, etc.

Students can be given sketches and asked to suggest equations that would/would not work.

Modelling with straightline graphs gives the opportunity to collect data that can then be plotted and a line
of best fit used to find an equatiolh might also be possible to compare the data to a theoretical model.
Students should be encouraged to consider strengths and limitations of modelling.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

In exams, students should be encouraged to quote fagrhafare using them. This allows method marks

to be awarded even if arithmetical slips are made or incorrect values substituted.

Questions may specify a particular form for an answer (for example integer coefficients). Emphasise to
students the importanaoé following these instructions carefully so as not to lose marks.

Students should be encouraged to draw diagrams while working on solutions as this often results in fewer
mistakes and can act as a sense check for answers. At the same time, where digggiren in
questions, students should be aware that these are not to be relied upon and Ospotting® answers by lookin
at a diagram without providing evidence to support this will not gain full marks. However, candidates
should be encouraged to use amggdams provided to help them answer the question.

The usual sorts of algebraic and numerical slips cause marks to be lost and students should be encouraged
to carefully check their working. A common error is to incorrectly calculate the gradient ofghntstirae

when it is given in the form" ! I" 1 11 Il so students should be encouraged to practice this
technique.

NOTES

Dynamic geometry programs can be used to make changes and observe the effect, helping students to
discover and visualise the effectafanging equations.
! !
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Teaching time

2Db. Circles: equation of a circle, geometric problems on a grid (3.2) 5 hours

OBJECTIVES

By the end of the subnit, students should:

¥ be able to find the midpoint of a line segment

¥ understand and use thquation of a circle

¥ be able to find points of intersection between a circle and a line
¥ know and be able to use the properties of chords and tangents

TEACHING POINTS

Drawing sketches or annotating given diagrams will help students to understand tienguaesiany

cases and so should be encouraged.

Students should be able to find the midpoint given two points from GGSEMathematics This can be

built upon to find the coordinate of a point given the midpoint and one of the end points. The midpoint
can be used to find the perpendicular bisector, recapping the work from stiaég@taphs.

The equation of the circled ! 11" 1 111 11" 1 1" can be derived from PythagorasO theorem, giving
students the opportunity to look at proof.

Students should be altie find the radius and the coordinates of the centre of the circle given the equation
of the circle, and vice versa. Students should be familiar with the equations
et e tandttrorttrarr it rort - GComplete the square® method should be
used to factorise the equation into the more useful form. Students will need practice within this context to
ensure that they are confident with the algebraic manipulation needed, in particular mistakes are often
made with the signs and forgetting the stamt term.

Circle theorems from GCSE B Mathematicsan be used in questions so a quick recap could be useful
and then they should be incorporated into questions. Examples of this include: finding the equation of the
circumcircle of a triangle with gan vertices; or finding the equation of a tangent using the perpendicular
property of tangent and radius.

Simultaneous equations can be used to find the points of intersection between a circle and a straight line.
Students can also be asked to show tHateaand circle do not intersect, for which the discriminant can

be used. Finding intersections with the axes should also be covered.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

The conditions in which a circle and a line intersect can be investigatédstwitents justifying which
will and will not intersect.

Investigate finding the equation of a circle given 3 points on its circumference.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Most errors when completing the square to find the equation of a dinabdve the constant term.
Students may forget to subtract it or perhaps add it instead. Having found the equation, when giving the
coordinates of the centre students must take care to get the signs the right way round as marks are easily
lost by getting tis wrong.
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When substituting into equations to find the intersections with axes, students sometimes substitute for the
wrong variable, for example substituting= 0 when trying to find the intersection with tlyeaxis.

Another error is substituting thentire bracket{BPa) for 0 rather than just

When finding the equation of a tangent to a point on the circle, typical errors are: finding the gradient of
the radius; finding a line parallel to the radius; and finding a line through the centre ottae ci

| |
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UNIT 3: Further algebra

Return to overview

SPECIFICATION REFERENCES

2.6 Manipulate polynomials algebraically, including expanding brackets and collecting like terms,
factorisation and simple algebraic division; use offdotor theorem

1.1 Understand and use the structure of mathematical proof, proceeding from given assumptions
through a series of logical steps to a conclusion; use methods of proof, including: proof by
deduction, proof by exhaustion, disproof by cowseample

4.1 Understand and use the binomial expansioh! df !" !' ifor positive integen; the notationg!
and !, ; link to binomial probabilities

PRIOR KNOWLEDGE

Algebraic manipulation covered so far
¥ Factorising quadratics
¥ notation

GCSE (91) in Mathematicsat Higher Tier
A4 Expanding brackets

A2 Substitution

A6 Proof

KEYWORDS

Binomial, coefficient, probability, proof, assumptions, deduction, exhaustion, disproof, cexataple,
polynomials, factorisation, quadratic, cubic, quartic, conjectprediction, rational number, implies,
necessary, sufficient, converse, fully factorise, factor, expand, therefore, conclusion.

! !

"

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MAO0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS Mathematics: Pure Mathematics @Pearson

Teaching time

3a. Algebraic division, factor theorem and proof (2.6) (1.1) 4 hours

OBJECTIVES

By the end of theub-unit, students should:

¥ be able taise algebraic divisign

¥ know andbe able tapply the factor theorem
¥ be able tdully factorise a cubic expressipn
¥

understand andbe able touse the structure of mathematical proof, proceeding from given
assumptionshrough a series of logical steps to a conclusion

¥ be able tause methods of proof, including proof by deduction, proof by exhaustion and disproof
by counterexample

TEACHING POINTS

When using algebraic division, only division ax b) or (@axbb) will be required.

Different methods for algebraic division should be considered depending on studentsO prior experience
and preferred ways of working. Whichever method is used, clear working out should be shown.

Equations in which the coefficient bfor!'' is 0 for examplé ' +111"" 1L or! ' 1 111 1" will need
additional explanation and practice.

Students should know that iff(= 0 whenx = a, then g Da) is a factor of ). Questions in the formak

+ b) should be covered.

Where a negative is being stihsted into the equation the distinction betweéér !' and! !I'* will be
important especially when students are using a calculator as examiners often comment on the fact that
students will sometimes evaludte! !' as! ! .

Factor theorem can be used to find an unknown constant. For examplea §iweh that!! ! 1! is a
factor of!* 1 1" '* 11 1 1 Two conditions can also be given in order to form simultaneous equations
to solve.

When fully factorising a cubic, emphasould be placed on choosing appropriate values. The final
answer may need to be written as a factorised cubic or, alternatively, as the solutions to an equation which
can then be used to sketch the curve. Students sometimes use the roots of a polgonatial ® help

them factorise but this method must be used with care. Questions sometimes use the word Ohenced and ¢
students must be careful which method they chose in these cases.

This is an excellent opportunity to review curve sketching by askirtests to give a sketch following
factorisation.

Students should be familiar with basic proofs from GCSE)(®lathematicghis knowledge can be built

upon to look at the different types of proof. Students will need to understand how to set out each type of
proof; the correct conventions in language and layout should be encouraged.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

The factor theorem can be introduced through investigation by substituting different values and checking
against division to look forgiterns.

Proof gives the opportunity to review previous concepts in a different way for example coordinate
geometry. Proof will also be included in later topics.

"$!
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COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

The majority of errors seen in exam questionsraredue to misunderstanding the method, but instead
arithmetic and algebraic mistakes. For example, incorrect simplification of #®rewpecially those
involving fractions; mistakes with negative numbers; and writing expressions rather than equations.
Students should be aware that long division is not always the best or quickest method to use and
sometimes results in some complicated algebra.

When using the factor theorem, stress the importance of checking the value that is substituted; a common
error isto use, for example, f(1) rather thabxj.

You should also emphasise the importance of fully factorising expressions, as a fairly significant number
of students stop when they have reached one linear factor and a quadratic factor.

| |

Il%
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Teaching time

3b. The binomial expansion (4.1) 5 hours

OBJECTIVES

By the end of the subnit, students should:
¥ understand and be able to use the binomial expansi@dx)" for positive integen;
¥ be able to find an unknown coefficient of a binomial expansion

TEACHING POINTS

Students should initially be introduced to PascalOs triangle, which can be used to expand simple brackets.

Students will need to be familiar with factorials and the notation.

Introduce the formal binomial expansion in the same asthe formula booklet and discuss the various
terms to ensure all students understand.

Setting out work clearly and logically will be invaluable in helping students to achieve the final answer
and also to spot mistakes if necessary.

Where there is a cdéfient of x (other than 1) students will need to be reminded that the power applies to
the whole term, not just the and that answers must be simplified appropriately. Negative and fractional
coefficients will also need practice.

The limitations of thévinomial expansion should be discussed.

Students should practice finding the coefficient of a single term, they should also be able to deal with
setting up simple algebraic equations to find unknown constants.

Use of the binomial expansion can be linkethagic probability and approximations.

[Links can also be made with the statistics worlilevel Mathematicg

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Students can be encouraged to discover the link between PascalOs triangle and the exganpien of
brackets.

Students could look at find the general term of a particular expansion.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Marks are most commonly lost in exam questions because of errors in expanding terms. For example not
including the coeffient when calculating, saya%)?® not simplifying terms fully; sign errors; and
omitting brackets. Good notation will help to avoid many of these mistakes.

When writing expansions which involve unknown constants, some students fail to also inclk@&rthe

their expansion.

When using their expansions to work out the value of a constant, a significant number of students do not
understand that the coefficient does not includexter x* part and so are often unable to form an
equation in the unknown alone

Questions often go on to ask students to use their binomial expansion to evaluate a humber raised to a
power. For example, evaluating (1.028) substituting« = 0.025 into an expansion for (13°. Students

should be advised that simply using theadculator to evaluate (1.025)ill gain no marks as it is not
answering the question.

"&!
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NOTES

|
Be aware of an alternative notation sucf(',a); and'!,.
!
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UNIT 4: Trigonometry

Return to overview

SPECIFICATION REFERE NCES

5.1 Understand and use the definitions of sine, cosine and tangent for all arguments; the sine and
cosine rules; the area of a triangle in the féﬂrh g0

52 Understand and use the sine, cosine and tangent functions; their graphs, symmetries and

periodicity
53 Understand and ud&# ! ! :,',j:—!‘
Understand and ug&#' ! | I"#'1 1 |

54 Solve simple trigonometric equations in a given interval, including quadratic equations in sin, cos
and tan and equations involving multiples of the unknown angle

PRIOR KNOWLEDGE

Algebra covered so far
¥ Basic algebraic manipulation
¥ Quadratics
¥ Graph transformations

GCSE (91) in Mathematicsaat Higher Tier
G20 Pythagora® feorem

Trigonometry in rightangled triangles
G22 The sine rule

The cosine rule
G23 The area of &iangle
G15 Bearings

KEYWORDS

Sine, cosine, tangent, interval, period, amplitude, function, inverse, angle of elevation, angle of
depression, bearing, degree, identity, special angles, unit circle, symmetry, hypotenuse, opposite,
adjacent, intercept.

! !

||<!
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Teaching time

4a. Trigonometric ratios and graphs (5.1) 6.2) 5 hours

OBJECTIVES

By the end of the subnit, students should:
¥ understand and be able to use the definitions of sine, cosine and tangent for all arguments
¥ understand and be aliteuse the sine and cosine rules
¥ understand and be able to use the area of a triangle in thé Forite !l ;
¥

understand and be able to use the sine, cosine and tangent functions; their graphs, symmetries and
periodicity.

TEACHING POINTS

Students should be shown thandy coordinates of points on the unit circle can be used to give cosine
and sine respectively.

Use of trigonometric ratios will have been covered at GCSE [@athematics questions should now be
focused more on mulstepproblems and questions set in context.

When using the sine rule the ambiguous case should be covered.

Links to proof can be made, for example proving the area of a triangle.

Students should be encouraged to write down any formulae they will be using beffatituting in the
numbers.

Students should be able to solve questions in various contexts; these could include coordinate geometry or
reatlife situations. Questions may involve bearings, which may not be well remembered from GCSE so
should be reviewedStudents should be encouraged to check that their answers are realistic as this check
can show up errors.

When completing mulistep questions emphasise to students that they should show all working out and
use the answer function on their calculatoravoid rounding errors. It can be a useful teaching point to
divide the class asking one side to round all answers and the other to keep values stored in their calculator
to show how this affects the final answer.

The unit circle can again be used to shHomw the trigonometric graphs are formed. Characteristics such

as the period and amplitude should be discussed. Knowledge of graphs of curves with equations such as
y =sink, y = coslk + 30),y = tan!X is expected so this is a good opportunity to recapsformations.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Use of the graphs can be linked to modelling situations such as yearly temperatures, wave lengths and
tidal patterns.

Proof of the sine and cosine rules.

COMMON MISCONCEPTIONS/EXAMINER REPORT QU OTES

Students occasionally assume that triangles given in exam questions ai@ngigiat and so use right
angled trigonometric ratios rather than the sine and cosine rules.

A frequently seen error in these questions is students using the cosine ribeletean incorrect angle,
sometimes despite having drawn a correctly labelled diagram. This indicates a lack of understanding of
how the labelling of edges and angles on a diagram relates to the application of the cosine rule formula
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Teaching time

4b. Trigonometric identities and equations $.3) (5.4) 7 hours

OBJECTIVES

By the end of the subnit, students should:

¥ be able to solve trigopnometric equations within a given interval

¥ understand and be able to uge! ! !I',i—:

¥ Understand andse sif!! + cog!l = 1
TEACHING POINTS

When solving trigopnometric equations, finding multiple values within a range can initially be illustrated
using the graphs of the functions. The decision can then be made whether to move on to using CAST
diagrams orcontinue using graphs. Whichever method is used students will need plenty of practice in
identifying all values within the limits correctly.

Intervals with negative solutions as well as positive solutions should be used.

Students should be able to sobguations such as sixn¥ 70;) = 0.5 for 0 <x < 36Q; 3 + 5!cos!®= 1 for

P180; <IxI<!118Q; and 6!cos¥+ sink " 5 = 0 for 0 <x < 360, giving their answers in degrees.

Students should be comfortable factorising quadratic trigonometric equatiorfindindy all possible
solutions. It should be noted that in some cases only one of the factorisations will give solutions but in
most case there will be two sets of solutions. Situations where one answer is equal to zero can cause some
confusion with studas then not looking for further solutions. This sort of example should be covered in
class. For example, the equation, I§{B!sin! + 1) = 0 will often be simplified to just 3!sint+ 1 = 0,

resulting in the loss of solutions to the original equation.

OPPORTUNITIES FOR REASONING/PROBLEM SOLV ING

Following from the previous section, if graphs are used to model situations then the equations can be used
to find values at given points.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Common errors include: notnfling values in the given range; finding extra, incorrect, solutions; not
going on to find the values afand instead leaving the values for, saxyo2x + 30; algebraic slips when
rearranging the equation; and not giving answers to the correct degaeeusécy. The loss of accuracy

in the final answers to trigonometric equations is common and often results in the unnecessary loss of
marks.

Sketches of the trigonometric functions are often helpful to check all solutions have been found.
! !
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UNIT 5: Vectors (2D)

Return to overview

SPECIFICATION REFERENCES

9.1 Use vectors in two dimensions

9.2 Calculate the magnitude and direction of a vector and convert between component form and
maghnitude/direction form

9.3 Add vectorsdiagrammatically and perform the algebraic operations of vector addition and
multiplication by scalars, and understand their geometrical interpretations

9.4 Understand and use position vectors; calculate the distance between two points represented by
posiion vectors

9.5 Use vectors to solve problems in pure mathematics and in context, (including forces)

PRIOR KNOWLEDGE

Covered so far
¥ Surds

GCSE (91) in Mathematicsaat Higher Tier
G24 Vectors

KEYWORDS

Vector, scalar, magnitude, direction, componeudrallel, perpendicular, modulus, dimension, ratio,
collinear, scalar product, position vectors.
| |
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5a Definitions, magnitude/direction, addition and scalar multiplication Teaching time
(9.1) ©.2) @.3) 5 hours
OBJECTIVES

By the end of theub-unit, students should:

¥ be able to use vectors in two dimensions

¥ be able to calculate the magnitude and direction of a vector and convert between component form
and magnitude/direction form

¥ be able to add vectors diagrammatically and perform the @igebperations of vector addition
and multiplication by scalars, and understand their geometrical interpretations

TEACHING POINTS

Students need to be familiar with column vectors and with the usandj vectorsin two dimentions
Students should bédke to find a unit vector in the direction afand be familiar with the notatigh|.

The triangle and parallelogram laws of addition should be known and students should be able to use them.
Students should understand that vectors are commutative.

Where aiswers are given in surds they should be simplified if possible.

When performing operations on vectors this should also be understood geometrically, diagrams will be
helpful here. Students should be able to use given diagrams but also draw their oven io asdist with
guestions.

Students should understand and be able to use the conditions for parallel vectors.

Use the classroom floor as adBnensional grid to help students visualise vectors. Use the position of
students in the room to illustratencepts.

Consider vectors in the real world, e.g. ask students to think of everyday phenomena that have a
maghnitude and direction e.g. forces, velocities, displacements.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Students can prove vectors are paratialémonstrate their reasoning skill.

Given particular vectors, students can investigate places they can or cannot reach, for example the knights
problem on a chessboard.

Consider an aircraft landing in a cresgd Bwhat direction does it need to fly?

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Students sometimes make mistakes when manipulating vectioasiit) form and should be encouraged
to use column vectors when possible.
! !

#'1
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5b. Position vectors, distance between two points, geometric problems Teaching time
(9.4) (9.5) 6 hours
OBJECTIVES

By the end of the subnit, students should:

¥ understand and be able to use position vectors
¥ be able to calculate the distance between two points represented by position vectors
¥ be able to use vectors solve problems in pure mathematics and in context, (including forces)

TEACHING POINTS

Students should know and be able tolisel ™ ! 1" 1 11 |

Students should be able to calculate the distance between two goipfsdnd &, y») using the formula
(D A (P AL

Use the ratio theorem to find the position vector of a pBidividing AB in a given ratio.

Use familiar shapes to illustrate the difference between 2 vectors and vector addition, e.g. parallelogram,
rectangle.

When solving problems using vectors only pure contexts are covered.

OPPORTUNITIES FOR REASONING/PROBLEM SOLV ING

Finding position vector of the fourth corner of a shapg.(parallelograjnABCD with three given
position vectors for the cornefs B andC.

Use regular polygons to find vectors connecting different vertices and to illustrate the ratio theorem.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Examiners comment that students understand the simple basics of vectors but are unable to deal with the

complexity of ratios. Students should be given plenty of practice in identifying points that divide line
segments in a particular ratio both externally and internally.
! !
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UNIT 6: Differentiation

Return to overview

SPECIFICATION REF ERENCES

7.1 Understand and use the derivative & #s the gradient of the tangent to the graph of w=af(a
general pointX, y); the gradient of the tangent as a limit; interpretation as a rate of change

Sketching the gradient function for a giveurve
Second derivatives
Differentiation from first principles for small positive integer powers of
7.2 Differentiate! ' , for rational values ofi, and related constant multiples, sums and differences

7.3 Apply differentiation to find gradients, tangents and normals, maxima and minima and stationary
points
Identify where functions are increasing or decreasing

PRIOR KNOWLEDGE

Covered so far

+#

Solving quadratics
¥ Coordinate geometry
¥ Proof
¥ Function notation
¥ Indices
GCSE (91) in Mathematicsaat Higher Tier
N8 Fractions
G16 Area of 2D shapes
Volume and surface area of 3D shapes
A5 Rearranging equations

KEYWORDS

Differentiation, derivative, first principles, rate of change, rational, constant, tangent, niooredsing,
decreasing, stationary point, maximum, minimum, integer, calculus, function, parallel, perpendicular.
! !
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6a. Definition, differentiating polynomials, second derivatives Teaching time
(7.2) (7.2) 5 hours
OBJECTIVES

By the end of theub-unit, students should:
¥ understand ante able tause the derivative of ff as the gradient of the tangent to the graph of
y = f(X) at a general poink(y);
understand the gradient of the tangent as a limit and its interpretation as acretegs
be able tesketch the gradient function for a given curve
be able tdind second derivatives
understand differentiation from first principles for small positive integer powets of

K K K K K

be able todifferentiate! ', for rational values of, and rehted constant multiples, sums and
differences

TEACHING POINTS

Students should know th%t is the rate of change gfwith respect to.

Knowledge of the chain rule is not required.

The notation f&f may be used for the first derivative andxj$nay be used for the second order
derivative.

Students should be able to identify maximum and minimum points as points where the gradient is zero.
Cover the use of the second derivative to establish the nature of a turning point.

Students should be able to sitethe gradient function #(for a given curvey = f(x), using given axes
and scale. This could involve speed and acceleration for example.

Students should know how to differentiate from first principles. Students should be able to nse? for

groi ) The alternative notatiorts% O rather than" %

andn = 3, the gradient expressidt# | | (
0 are acceptable.

Students will need to be confident in algebraic manipulation of functions to ensure that they are in a
suitable format for differentiationFor example, students will be expected to be able to differentiate

expressions such asx(2 5)(x "1) and $ for x> 0. Mistakes are easily made with negative and/or

fractional indices so there should be plenty of practice with this.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Maxima and minima problems set in the context of a practical problem, e.g. minimising the materials
required to make a container of a particular shape. The open box pbkiemple cases and the general
case.

! !

#%
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COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Algebraic manipulation, particularly where surds are involved, can cause problems for students. For
example, when multiplying out brackets and faced with/T! ! 1Y/ common incorrect answers are

L1yT, 11" VT and! 1" 171 Similarly, when dividing by/T ! some students think théiz 1.

#&
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Teaching time

6b. Gradients, tangents, normals, maxima and minima (7.3) B

OBJECTIVES

By the end of the subnit, students should:

¥ be able taapply differentiation to find gradients, tangents and normals, maxima and minima and
stationary points

¥ be able tadentify where functions are increasing or decreasing
TEACHING POINTS

Students should be able to use differentiation to find equations of tangents and normals at specific points
on a curve. This reviews and extends the earlier work on coordinate geometry.

Maxima, minima and stationary points can be used in curve sketchmotles may be set in the context
of a practical problem. This could bring in area and volume from GCSE Nathematicsas well as
using trigonometry.

Students will need plenty of practice at setting up equations from a given context, in some cas®g this
include showing that it can be written in a particular form. Where students are given the answer to work
towards they must be aware that they need to work forwards showing all steps clearly rather than starting
with the answer and working backwards.

Students need to know how to identify when functions are increasing or decreasing. For example, given

that fl#) = X D2 +|!—!!, , prove that %) is an increasing function.

Use graph plotting software that allows the derivative to be plotted so thanttudan see the
relationship between a function and its derivative graphically.

OPPORTUNITIES FOR REASONING/PROBLEM SOLV ING

Differentiation can be linked to many reabrld applications, there can be discussion with students about
contexts and the validitof solutions.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students may have difficult differentiating fractional terms suc}] dghey are unable to rewrite this as

8x™ before differentiating. '

When working out the equations of tangents and norsaahe students mix the gradients and equations

up and end up substituting in the wrong place.

Questions involving finding a maximum or minimum point do require the use of calculus and attempts
using trial and improvement will receive no marks.

When findinga stationary point, some students use inequalities as their condition rather than equating
their derivative to zero. Another error is to differentiate twice and solwp F#3#(

When applying differentiation in context, students should be ensure theyulianswers and not just a

partial solution. For example if asked to find the volume of a box they must not stop after finding the side
length.

#' 1
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UNIT 7: Integration

Return to overview

SPECIFICATION REFERENCES

8.1 Know and usehe Fundamental Theorem of Calculus
8.2 Integrate! ' (excludingn = "1), and related sums, differences and constant multiples
8.3 Evaluate definite integrals; use a definite integral to find the area under a curve

PRIOR KNOWLEDGE

Covered so far

¥ Algebraicmanipulation
¥ Differentiation

KEYWORDS

Calculus, differentiate, integrate, reverse, indefinite, definite, constant, evaluate, intersection.
! !
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7a. Definition as opposite of differentiation, indefinite integrals ofx" Teaching time
(8.1) (8.2) 5 hours
OBJECTIVES

By the end of the subnit, students should:

¥ know and be able to use tRandamental Theorem of Calculus;
¥ be able to integrate' (excludingn = "1), and related sums, differences and constant multiples

TEACHING POINTS

Integration carbe introduced as the reverse process of differentiation. Students need to know that for
indefinite integrals a constant of integration is required.
Similarly to differentiation, students should be confident with algebraic manipulation. For example, the

- . . ! L et
ablity to integrate expressions such ad 111t and — IS expected. Introduce students to the
1 T
integral sign; this can be useful in setting work out clearly on these sorts of questions and will be used
later in definite integration.

Given f#) and a point on the curve, students should be able to find an equation of the curve in the form
y=f(x).

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Students should be able to explain the need for thimindefinite integration.

COMMON MISCONCEPTIONS /EXAMINER REPORT QUOTES

Students sometimes have difficulty when integrating expressions involving negative indices. Forgetting to
add +c when working out indefinite integrals is also a very common mistake.
! !
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Teaching time

7b. Definite integrals and areas under curves (8.3) 5 hours

OBJECTIVES

By the end of the subnit, students should:

¥ be able to evaluate definite integrals
¥ be able to use a definite integral to find the area under a.curve

TEACHING POINTS

It is important that students show their working out clearly as mistakes are easily made when putting
values into a calculator. Students should also be encouraged to check their answers. Calculators that
perform numerical integration can be used aheck, but a full method will be needed.

Students will be expected to understand the implication of a negative answer from indefinite integration.
Links can be made with curve sketching in questions where students need to find the points of
intersectiorwith thex-axis for a curve in order to find the limits of integration.

Areas can be made up of a combination of a curve and a line so further links can be made to coordinate
geometry.

OPPORTUNITIES FOR REASONING/PROBLEM SOLVING

Discuss the implication af negative answer to encourage students reasoning skills.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Lack of algebraic fluency can cause problems for some students, particularly when negative/fractional
indices are involved or when a negative numbeaised to a power. Arithmetic slips are also a common
cause of lost marks, often when negative numbers are substituted and subtracted after integration.
Students are generally more successful if they expand any brackets before attempting to integrate the
function.

| |
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UNIT 8: Exponentials and logarithms
Exponential functions and natural logarithms

Teaching time

8 hours
(6.1) (6.2) (6.3) (6.4) (6.5) (6.6) (6.7)

Return to overview

SPECIFICATION REFERENCES

6.1 Know and use the functiord and its graph, wherais positive
Know and use the functidr and its graph

6.2  Know that the gradient df" is equal tol !'" and hence understand why the exponential model
is suitable in many applications

6.3 Know and use the definition df#, ! as the inverse df' , wherea is positive and ! |
Know and use the functidh!! and its graph
Know and use Inlas the inverse function of

6.4 Understand and use the laws of logarithms:

AT N A = O B B A - R A
L L ()
LI"#, 1 1 1", 1! (including, for examplel, ! B1 and! ! :—)

6.5  Solve equations of the fori ! !

6.6 Use logarithmic graphs to estimate parameters in relationships of the !férrh!' and
I 1 11" given data fox andy

6.7 Understand and use exponential growth and decay; use in modelling (examples may include the
use of e in continuous compound interest, radioactive decay, drug concentration decay,
exponential growth as a model for population growth); consiaderatf limitations and
refinements of exponential models

PRIOR KNOWLEDGE

Covered so far
¥ Indices

GCSE(9-1) in Mathematics at Higheridr
R16 Compound interest

KEYWORDS

Exponential, exponent, power, logarithm, base, initial, rate of change, compounstintere
!
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OBJECTIVES

By the end of the subnit, students should:
¥ know and be able to use the functlofand its graph, wherais positive
¥ know and be able to use the functidnand its graph

¥ know that the gradient ¢f" is equal td !'" and henceinderstand why the exponential model is
suitable in many applicationps

¥ know and be able to use the definition!&#,! as the inverse of', where a is positive and
L T

¥ know and be able to use the functlbth and its graph
¥ know and be able tose Ink as the inverse function of ;
¥ understand and use the laws of logarithms:
AT N N = B B o T R A
L L ()
LI"#, 1 1 1"#, 1! (including, for examplel, ! BL and! ! ! :—)

+#

be able to solve equations of the forn! !;

¥ be able to use logarithmic graphs to estimate parameters in relationships of thel fdrii and
I 1 11! given data fox andy;

¥ understand and be able to use exponential growth and decay in modelling, giving consideration to
limitations and refinens of exponential models

TEACHING POINTS

When sketching the graph of students should understand the difference in shape betaveer

anda > 1.

Explain to students that is a special case of . Graphs of the functioh' should include thosenithe

form! 1 1"

Students should realise that when the rate of change is proportionalteahe, an exponential model
should be used.

An ability to solve equations of the forth '' I 1 and!"lIl" 1 111 | is expected.

Students can use thews of indices to prove the laws of logarithms and show!that ! !.

In solving equations students may use the change of base formula. Solving equations questions may be in
the form!**' ' 11,

Students should be able to plot pggainst logt and ob&in a straight line where the intercept'is, and

the gradient i and plot logy againstx to obtain a straight line where the intercept isKagid the
gradient is lodd. There should be discussion about why this is an appropriate model andisvbigljt an
estimate.

Contexts for modelling should could include the use of e in continuous compound interest, radioactive
decay, drug concentration decay, exponential growth as a model for population growth. Students should
be familiar with terms such asitial, meaning whern = 0. They may need to explore the behaviour for
large values of or to consider whether the range of values predicted is appropriate. Consideration of a
second improved model may be required.

OPPORTUNITIES FOR REASONING/PROBLEM SOL VING

Students can look at different models for population growth using the exponential function.
Use graphing software to investigate varying the parameters of a population model.
$Il!
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COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Errors seen in exam questiombiere students have to sketch exponential curves include: stopping the
curve atx = 0; getting the wrong-intercept; and believing the curve levels offyte 1 forx < 0.

When using laws of logs to answer proof or Oshow that® questions, students wnadit thieosteps
clearly and not have jumps in their working out.

$#
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AS Mathematics applied content
Section A: Statistics

@ Pearson

\ Unit Title Estimated hours
1 Statistical sampling
a | Introduction to sampling terminology; Advantages and disadvantages 1
sampling
b _Understand and use sampling techniques; Compare sampling techni 1
in context
2 Data presentation and interpretation
a | Calculation and interpretation of measures of location; Calculation an
interpretation of measures of variatidunnderstand and use coding 3
b | Interpret diagrams for singheariable data; Interpret scatter diagrams al
regression lines; Recognise and interpret outliers; Draw simple 5
conclusions from statistical problems
3 Probability: Mutually exclusive events; Independent events 2
4 Statistical distributions: Use discrete distributions to model reabrld
situations; Identify the discrete uniform distribution; Calculate 4
probabilities usinghe binomial distribution (calculator use expected)
5 Statistical hypothesis testing
a | Language of hypothesis testing; Significance levels 3
b | Carry outhypothesis tests involving the binomial distribution 5
24 hours
|
| |
$$!
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UNIT 1: Statistical sampling

Return to overview

SPECIFICATION REFERENCES

1.1  Understand and use the terms OpopulationOsantp@
Use samples to make inforniaferences about the population
Understand and use sampling technigues, including simple random sampling and opportunity
sampling.
Select or critique sampling technigues in the context of solving a statistical prob&iuading
understanding thatifferent samples can lead to different conclusions about the population

PRIOR KNOWLEDGE

GCSE (#1) in MathematicaatHigher Tier

S1 Infer properties of populations diistributionsfrom a sample, while knowing the limitations of
sampling

S5 Apply statistics to describe a population

KEYWORDS

Population, census, sample, sampling unit, sampling frame, simple random sampling, stratified,
systematic, quotapportunity(conveniencejanpling.

$%
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la Introduction to sampling terminology; Advantages and Teachingtime
disadvantages of samplingl.1) 1 hour
OBJECTIVES

By the end of the subnit, students should:
¥ understand anbe able taise the terms Opopulation® and Osample®
¥ know how to use samples to make informal inferences about the population
¥ be able taescribe advantages and disadvantages of sangaingared to census.

TEACHING POINTS

This section is a great opportunity to introduce the large data set to look at latipopaf data and
discuss reasons for sampling from it.

Students will be expected to be able to comment on the advantages and disadvantages associated with a
census and a sample.

Discuss in context the meanings of populations and samples. Look at datadjpolations and samples,
initially using data from the sample to make inferences about the population before then checking the data
for the population.

Discuss the advantages and disadvantages of sampling making sure to include time, cost etc.

Ensure stdents are given the opportunity, and are able, to give full and thorough answers within the
context of the question.

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

The biggest opportunity here is introducing students to the large data set and startirtgmdamiliar
with the data included in it.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Some students confuse sample sizes and population sizes, but the recurring probtagivisg answers
in context. Candidates need to be clear about the difference between sample sizes and population sizes.

$&
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1b. Understand and use sampling techniquesCompare sampling Teachingtime
techniques in context(1.1) 1 hours
OBJECTIVES

By the end of the subnit, students should:
¥ understand anbde able tause sampling techniques
¥ be able talescribe advantages and disadvantages of sampling techniques
¥ be able teselect or critique sampling technigues in the context of solving a statistical problem
¥ understand that different samples can lead to different conclusions about the population

TEACHING POINTS

Studentswill also be expected to be familiar with differegpes of sampling including simple random,
stratified, systematic, quota and opportunity (convenience) sampling.

Students will gain a more thorough understanding of the types of sampling if the advantages and
disadvantages alongside the method used fdr 8ae are understood. They will then be more able to
select an appropriate technique for a given statistical problem and be able to critique a technique which
has been used.

Give students the opportunity to use the techniques they learn about on trdatarget.

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Again, this is a perfect opportunity to use the large data set and discuss how different samples from the
same data set could lead to different conclusions.

COMMON MISCONCEPTIONS/ EXAMINER REPORT QUOTES

Students need to be able to describe the sampling techniques clearly and will lose marks if they are not
sufficiently precise.

As always, answers must be given using the context of the question and nottsnguigted from text

books in a general form.

$'!
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UNIT 2: Data presentation andinterpretation

Return to overview

SPECIFICATION REFERENCES

2.1 Interpret diagrams for singleariable data, includinginderstanding that area in a histogram
represents frequency

Connect to probability distributions

2.2 Interpret scatter diagrams and regression lines for bivariate data, including recognition of scatter
diagrams which include distinct sections of gopulation (calculations involving regression lines
are excluded)

Understand informal interpretan of correlation
Understand that correlation does not imply causation

2.3 Interpret measuresof central tendency and variation, extending to standard titvia
Be able to calculate standard deviation, including from summary statistics

2.4 Recognise and interpret possible outliers in data sets and statistical diagrams
Select or critique data presentation techniques in the context of a statistical problem
Be ale to clean data, including dealing with missing data, errors and outliers

PRIOR KNOWLEDGE

GCSE (#1) in MathematicaatHigher Tier

S2 Interpret and construct tables, charts and diagrams, including frequency tables, bar charts, pie
charts and pictograms for categorical data, vertical line charts for ungrouped discrete numerical
data and know their appropriate use

S3 Construct and interptadiagrams for grouped discrete data and continuous data, i.e. histograms
with equal and unequal class intervals and cumulative frequency graphs, and know their
appropriate use

S4 Interpret, analyse and compare the distributions of data sets from ueivanapirical
distributions through appropriate measures of central tendency (median, mean, mode and modal
class) and spread (range, including consideration of outliers), quartiles anguattle range

S6 Use and interpret scatter graphs of bivargdta; recognise correlation and know that it does not
indicate causation; draw estimated lines of bestfiike predictions; interpolate and extrapolate
apparent trends while knowing the dangers of so doing

KEYWORDS

Histogram, box plot, probability dengifunction, cumulative distribution function, continuous random
variable, scatter diagram, linear regressiexplanatory (independent) variables, response (dependent)
variablesinterpolation, extrapolationproduct moment correlation coefficient (PMCC)eam, median,
mode, variance, standard deviation, rangeerquartile rangeinterpercentile range, outlier, skewngss
symmetrical, positive skew, negative skew

$«
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2a. Calculation and interpretation of measures of locationCalculation
and interpretation of measures of variation Understand and use

coding (2.3) (2.4)

OBJECTIVES

TeachingTime
3 Hours

By the end of the subnit, students should:

¥ be able taalculate measures lafcation, mean, median and mode

¥ be able tacalculate measures of variation, standard deviation, variazoge and interpercentile
range

¥ be able tanterpret and draw inferences from summary statistics

TEACHING POINTS

The calculation of the mean, median and mode should be reclppe&CSE however the focus now is
on studentsusing calculators to do the calculationS8heck understanding of the terminology and teach
calculator methods.

Students require an understanding of measures of variation too and should be able to useuth&rsal
to calculate the variance and standard deviatibhey should be able to use the statistic

2
2 (1Y s,
" . Students are expected to use standard deviatH but

Su=l b=l e :

/ S
equivalents including spreadsheet formiga= T"Xl) will be accepted
n:

The data may be discrete or continuous, grouped or ungrouped, and students need to be able to interpret
these summary statistics clearly and be able to make inferences fronSigeificance tests will not be
expected.

Codingfor both mean and standard deviation needs to be covBeedear thatstudentaneed to beable

to uncode both mean and standard deviationpliasise that the standard deviation is unaffected by the
addition or subtraction of constants.

Students are expexd to be able to use linear interpolation to calculate percentiles from grouped data

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

There is opportunity forurther use of the large data set hé&@@mmary statistics of elements from the
data set can bealculated and then used to compare and interpret for both location and variation statistics.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

When calculating the meaaof grouped dataome student may divide by the number of groups rather than
the number oftems of datathey may also use class widths in the calculation rather than thgomnid.

When finding the standard deviation, the most common error is forgetting to take the square root (perhaps
because they are not clear about the difference betwareanwge and standard deviation). Some students
waste time by ignoring given values and recalculatibcp&d &<

Difficulties with coding are due to a lack of understandirabout how coding affects the mean and
standard deviatiorandpoor algebraic sk$. Students sometimes substitute for the wrong variable, fail to
solve equations correctly or get the order of operations the wrong way around.

$=
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Students should be reminded that they must be precise in their use of language and use the correct terms
suchas OmedianO. OrangeO orqdimtile rangeO rather than the more general Qaverage® and Ospread0
Students should also remember to use accurate values throughout calculations to avoid losing marks due
to premature rounding.

NOTES

Students are expected know the different notation for population summary statis(ﬁl.;é 2.1 ) and

sample summary statistim(i, s, S) .

%!
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2b. Interpret diagrams for single-variable data; Interpret scatter Teachingtime
diagrams and regression linesRecognise andnterpret outliers ; Draw

simple conclusions from statistical problems(2.1) (2.2) (2.4 > hours

OBJECTIVES

By the end of the subnit, students should:

¥ know how tointerpretdiagrams for single variable data

know how tointerpret scattediagrams and regression lines for bivariate data

recognise the explanatory and response variables

be able tanake predictionsising the regression line and understastimitations;

understand informahterpretation of correlatign

understand thatorrdation does not imply causatipn

recognise and interpret possible outliers in data sets and statistical diagrams

be able teselect or critique data presentation techniques in the context of a statistical problem
¥ be able talean data, including deafy with missing data, errors and outliers

K K K K K K K

TEACHING POINTS

Students should be familiar with and be able to interpret histograms, frequency polygons, box and
whisker plots and cuniative frequency diagrams. Theskould have been covered at GCSE ibus

worth a recap for consistency of methoddso cover calculahg summary statistics from diagrams,
includingthemean and standard deviation from a histogram.

For bivariate data students should understand the terms explanatory and response variables and know
where each is placed on the axes of a scatter diagram. This is particularly important as variables other
than! and! could be used.

Students are not egpted to know, calculate or understand the regression line formula. Students will need
to understand the use of interpolation when using a regression line equation to make predictions within
the range of values of the explanatory variable and they neaddgrstand the dangers of extrapolation
(predictions outside the range), again variables other!ttzard! could be used.

Students will be expected to describe the correlation on a scatter diagram in terms of, pegjéitreeor

no correlatiorand stongor weak but no calculations need to be made. Values from calculations will not

be given for interpretation.

Outliers will need to be identified and interpreted from data sets and statistical diagrams. Any rules to be
used will be given in the questigior exampleQ; P1.5"' IQR, Qs + 1.5"' IQR.

Students will be expected to select an appropriate diagram or critique the choice of one which is used.
They should also be able to clean data by identifying possible outliers (box plots and scatter diagrams).
They may also be asked to fill missingdatausing a regression line.

%:!
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OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Again all of the diagrams and techniques used in this unit could be modelled using data from the large
data set.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Knowing how to interprestatistics students have calculated is sometimes found challenging, and often
discriminates between students in exam questions. Full and clear reasons for interpretations and decisions
need to be given for marks to be awarded.

Many students havdifficulties calculating the sizes of bars in histograms, as commented on by one
examiner: Obkt were able to state the correct width of the bar but few used frequency densities correctly

to find the height, some finding the frequency densitgudfthen alculating%! 2.5 rather than2.5 O%

. Some identified that.5!cnf represented 10 customers but were then unable to use this correctly to find
the height E some students had an incorrect class width because they did izet tieatl the lower class
boundary was 70 not 693.

! !
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UNIT 3: Probability Teachingtime

Mutually exclusive events Independent eventg3.1) 2 hours.

Return to overview

SPECIFICATION REFERENCES

3.1 Understandand use mutually exclusive and independent evesisn calculating probabilities
Link to discrete and continuous distributions

PRIOR KNOWLEDGE

GCSE (#1) in MathematicaatHigher Tier

P1 Record, describe and analyse the frequency of outcompbébility experiments using tables
and frequency trees

P2 Apply ideas of randomness, fairness and equally likely events to calculate expected outcomes of
multiple future experiments

P3 Relate relative expected frequencies to theoretical probabilityg @gipropriate language and the
OBl probability scale

P4 Apply the property that the probabilities of an exhaustive set of outcomes sum to one; apply the
property that the probabilities of an exhaustive set of mutually exclusive events sum to one

P6 Enumeate sets and combinations of sets systematically, using tables, grids

P7 Construct theoretical possibility spaces for single and combined experiments with equally likely
outcomes and use these to calculate theoretical probabilities

P9 Tree diagrams andenn diagrams

KEYWORDS

Sample space, exclusive event, complementary event, discrete random variable, continuous random
variable, mathematical modelling, independent, mutually exclugimendiagram, tree diagram
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OBJECTIVES

By the end of the subnit, gudents should:

¥ understand andbe able touse mutually exclusive and independent events when calculating
probabilities

¥ be able tanakelinksto discrete and¢ontinuous distributions
TEACHING POINTS

Treeand \enn diagrams should have been covered at Giit§&vill need to be recapped as one way of
looking at probabilities.

The focus at this level is on independent and mutually exclusive events in probability calculations.
Students should be confident in the defims of both independent and mutually exiie events and
how to use their properties to solve réfd probability problems.

Cover showng independenceut be aware that the use of set notation is not required at ASA¢\kls

level thisis doneby showing theproduct of the probabilitiesf two events gives the probability bbth
evens occurringtogeher. Understanding ofonditional probability isiot expectecat AS level.

Students do not negd beaware of probability density functions however they should understand that
probabilityis represented by the area under a curve in a continuous distribthisrcould be mentioned
hereand comparisons draway using the momial model as a bar chart in the next unit.

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Include questions of the typehereA andB are independemwhich useVenn diagrams and informal use
of the addition rule but where boB{A) and PA ( B) for example are unknowithe solutionrelies on a
knowledge of independendget notation not required)

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Students may confuse Oindependent® and Omutually exclusiveO.

Using a diagram almost always helps students to answer probability questions. When drawing a Venn
diagram, students should remember to include a box definengniversal set.

%$
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UNIT 4: Statistical Distributions
Use discrete distributions to model realvorld situations; Identify the Teachingtime

discrete uniform distribution ; Calculate probabilities using the 4 hours
binomial distribution (calculator use expected)4.1)

Return to overview

SPECIFICATION REFERENCES

4.1 Understand and use simple, discrete probability distributions (calculation of mean and variance of
discrete random variables éxcluded), including the binomial distribution, as a model; calculate
probabilities usinghe binomial distribution

PRIOR KNOWLEDGE

An understanding of probability from the previous unit and the awareness that the area under a curve will
be looked at agaiim this unit.

GCSE 0B1) in MathematicaatHigher Tier
N1 Orderpositive and negative integers, decimals and fractions; use the symhots =, *, and+

KEYWORDS

Binomial, probability, discrete distribution, discrete random variable, unifoumulative probabilities

%%
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OBJECTIVES

By the end of the subnit, students should:
¥ understand antle able touse simple, discrete probability distributions, including the binomial
distribution
¥ be able to identify the discrete uniform distribution
¥ beable tocalculate probabilities using the binomial distribution

TEACHING POINTS

Students will be expected to model readrld situations by using simple discrete probability
distributions. They should know and be able to recognise a discrete uniifribution look at equally
likely outcomes such as numbers on a dice.

The only specific distribution studentsare expected taise as well as understand tise bnomial
distribution. Studentsvill be expected to comment critically on how appropriatgivaen probability
model may be for a situation.

The notationl ! ! 11 111 may be usedso you shoulénsure students are familiar with this from the outset
Make sure the properties of thanomial are clear for all students, so thhey know a fixed numbesf
trials is neededthere areonly two possible outcomesper trial and the outcome of each trial is
independent

Once the momial distribution has been introduckak back tothinking aboufprobability being the area
under a curve. Use a bar chart éiiscretebinomial distributions and show hovhis would smooth into a
curve if it were a continuous distributioAnother teaching point for this concept of area could come from
consideringthe discrete uniform distribution as bars of equal widithooks like a rectanglelike the
continuous uniform distributian

Students need to calculate probabilities using the binomial distribution for both individual and cumulative
probabilities.Calculator use is expected fdf af this, sotime needs to be spemiaking surestudents are
competent in the use of these calculator functions

The bar chart modehentioned earliehelps students distinguish between for examp{& <2) and
P(X! 2), also to understand?(X #6)=1" P(X ! 5). Explain this is due to the binomial being a

discrete distributionThis is essential when manipulating before using the calculator to find probabilities.
Encourage students to shade the bars required to helphigitmderstanding.

Emphasise the importanad readingquestions carefullyThe probability of success can be worded
negatively in the question for example Othe probability of people failing their driving test first time is 0.60.

Students are not expected to be able to calculate the mean andevafidiscrete random variables.

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Look at a wide variety of realorld scenariosand modelusinga number of different distributions to
ensure students are fluent in their commentthemappropriateness afparticular distribution.

%&
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COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

The most common difficulty is with manipulating inequalitie&: gignificant number otudentswere
unable to cope with the expressi@5! X <11). There werestudentswho translated this expression

into the more convenient forrP(5! X! 10 and then in turn transformed this into an equivalent form
that can be applied to the table of cumulative probabilitifX ! 10" P(X ! 4). However, there were
also may instance of incorrect versions such af(X <1)" P(X!5), P(X"10+P(X! 5),
P(X #10 " (1" P(X ! 5)) andP(X * 11) Beither PK * 5) or P(X * 4).0

In a similar vein, students have a tendencwtibe, for exampleP(X > 2) as IDP(X * 1) instead of 1D

PX* 2).
NOTES

It would be good for understanding to see what the random variable looks like in pdf form and table form
although this is not explicitly in the specification.

%'l
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UNIT 5: Statistical hypothesistesting

Return to overview

SPECIFICATION REFERENCES

5.1 Understand and apply the language of statistical hypothesis testing, developed through a binomial
model: null hypothesis, alternative hypothesigyificance level, test statistic;tail test, 2tail
test, critical value, critical region, acceptance regievalpe

5.2 Conduct a statistical hypothesis test for the proportion in the binomial distribution and interpret
the results in context
Undersand that a sample is being used to make an inference about the population
and appreciate that the significance level is the probability of incorrectly rejecting the null
hypothesis

PRIOR KNOWLEDGE

An understanding of how tafculatebinomial probabilitis and wsing samples from populatiofrom
previous units.

KEYWORDS

Hypotheses, significance level, otaled test, twetailed test, test statistic, null hypothesis, alternative
hypothesis, critical value, critical region, acceptance regievalye, binonml mode| acept, reject,
sample, inference.

%&
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Teachingtime

5a. Language of hypothesis testingsignificance levelq5.1) 3 hours

OBJECTIVES

By the end of the subnit, students should:

¥ understand ande able tapply the language of statistidalpothesis testing, developed through a
binomial model

TEACHING POINTS

The concept of a hypothegisuld be introduced initially by posing sorhgpotheseyourself. You may

wish to make reference to the large data set again and say for example Othe daily maximum temperature
was higher in Hurn than Heathrow in May 19870.

Following this introduce the null and alternative hypothemed their respective notatidH, and H;.
Discuss how to move from statements like the one above to using the language bbfothé&l
distribution in terms of looking gt, the probability of success.

The focus of thisub-unit is the language used in terms of hypothesis tedtimg scenario must be set.

You may wish to useraexample like Othe number f tBrown in 50 throws of a diceO, students could
carry outthis experiment and you could use their results to form a variety of tests which wouldaltover

of the terminology witbut actually carrying out the testdake sure you save thesgampledo be tested

in the next sutunit.

All of the terms from the keywords section should be thoroughly discussed and understood before
attempting to carry out a hypothesis test.

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Use a wide variety of scenarios from the reairld and invite students to offer their own scenarios
discuss their suitability for hypothesis testing.

COMMON MISCONCEPTIONS/EXAMINER REPORT QUOTES

Emphasise theriportance of stating hypotheses clearly using the correct notation.

Similarly, correct notation is important when describing the critical regidfhere were still a few
studentausing incorrect notation for critical regions:X2( 1), for example, is not a critical region: it is a
probability.O

NOTES

The expected value of thenomialdistribution beind" needs to be appreciated for a ttaded test.

%t
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Teachingtime

5b. Carry out hypothesis tests involvingthe binomial distribution (5.2) % (o

OBJECTIVES

By the end of the subnit, students should:
¥ be able tcconduct a statistical hypothesis test for the proportion in the binomial distribution and
interpret the results in context
¥ understand that a sample is being used to makefarence about the population
¥ appreciate that the significance level is the probability of incorrectly rejecting the null hypothesis

TEACHING POINTS

Once all the terminologthathas been discussed in the previoussnibis fully understoodyou can @
back tothe examples you usexhd conduct the hypothesis testarry outthe testdoth by finding the
critical value to comparevith your test statistic anthy finding the probability(p-value) of the test
statistic and comparing it with the critica#gion Ensure students are competent with both methods.
Make sure hypotheses are always written clearly in terrhsthie probability of success.

Spend time making sure that students can write clear and concise conclusions in the given context of the
guestions.

When using a sample of datasere studentsnderstandwhat it infers about the population itself.

Type | errors are not part of the specificatidnut it is important that students understand what the
significance level of a test actually nmsaDiscuss carefully that rejecting the null hypothesis may
actually be incorrectand the significance level is the probability of thislso cover Othe actual
significance level of a testO with students

OPPORTUNITIES FOR PROBLEM SOLVING/MODELLING

Again, use a wide vaaty of scenarios from the realorld and make sure all conclusions are written in
these contexts.

COMMON MISCONCEPTIONS/ EXAMINER REPORT QUOTES

The most common error in these sorts of questions include not writing a clear coniclub®oontext of
the question. Students either omit the context or sometimes fail to give any conclusion to their
calculations.
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AS Mathematicsapplied content
Section BbMechanics

Estimated hours

6 Quantities and units in mechanics
a Introduction to mathematical modelling astndard S.I. units of length, 1
= | time and mass
b Definitions of force, velocity, speed, acceleration and weight and 1
= | displacement; Vector and scalar quantities
7 Kinematics 1 (constant acceleration)
a | Graphical representation of velocity, acceleration disgdlacement 2
b Motion in a straight line under constant acceleratsuvatformulae for 3
~ | constant acceleration; Vertical motion under gravity
8 Forces & NewtonOs laws
a | NewtonOs first law, force diagrams, equilibrium, introductianjteystem 3
NewtonOs second law, ©ma0, connected particles (no resolving force
b | or use ofF = pR); NewtonOs third law: equilibrium, problems involving 3
smooth pulleys
9 Kinematics 2 (variable acceleration)
a | Variable force; Calculus to determine rates of change for kinematics 3
b | Use of integration for kinematics problems ire=|vdt, v=| adt 2
18 hours
&;!
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UNIT 6: Quantities and units in mechanics

Return to overview

SPECIFICATION REFERE NCES

6.1 Undeastard and use fundanertal quartities and units in the S.I. system: lengthtime, mass.
Undestand and use derived quartities and units: velodity, acceeration, force, weight

PRIOR KNOWLEDGE

GCSE (91) in Mathematics at Higher Tier

R1 Change freely between related standard units (e.g. time, length, area, volume/capacity, mass) and
compound units (e.gspeed, rates of pay, prices, density, pressure) in numerical and algebraic
contexts

R11 Use compound units such as speed, rates of pay, unit pricing, density and pressure

Al4 Plot and interpret graphs (including reciprocal graphs and exponential graghegpaahs of non
standard functions in real contexts to find approximate solutions to problems such as simple
kinematic problems involving distance, speed and acceleration

Al5 Calculate or estimate gradients of graphs and area under graphs (including quadratic-and non
linear graphs), and interpret results in cases such as didbarecgraphs, velocitfime graphs
and graphs in financial contexts

KEYWORDS

Modelling, smooth, rogh, light, inelastic, inextensible, particle, rigid body, mass, weight, rod, plane,
lamina, length, distance (m), displacement (m), velocity®nispeed (mf), acceleration (m*9, force

(N), retardation (mf%), newtons (N), scalar, vector, direction, magnitude, (normedgtion, friction,
tension thrust, compression

NOTES

There may not be a direct examination question on this topic. However, the modelling process and fluent
knowledge of the S.I. units is &al prerequisite that underpins the rest of the mechanics course.

&"!
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6a. Introduction to mathematical modelling and standard S.I units of Teaching time
length, time and mass (6.1) 1 hour
OBJECTIVES

By the end of the subnit, students should:
¥ understandthe concept of a mathematical model, and be able to abstract from-wworthl
situation to a mathematical description (model);

¥ know the language used to describe simplifying assumptions;

¥ understand the particle model;

¥ be familiar with the basic terminolgdor mechanics;

¥ be familiar with commoniymade assumptions when using these models;

¥ be able to analyse the model appropriately, and interpret and communicate the implications of the
analysis in terms of the situation being modelled;

¥ undestand and use fundamental quartities and units in the S.I. system: kengh, timeandmass;

¥ Understand that units behave in the same way as algebraic quantities, e.g. meters per second is
m/s=m"1/s = m§

TEACHING POINTS

Begin by asking students OWhat is mechanics?0 Lead them to the idea that meehniwxlis of
applied mathematics that deals with motion and the forces producing motion.

Students need to be comfortable with the idea that mathematics is used to eabdiéd mnd need to
become familiar with the modelling cycle:

mechanics problemd create a mathematical model (using diagrams, general principles or
formulae)! solve the model refer back to the original problem refine the model

[Link with the datahandling cycle]
It is important for students to get a OfeelO for mechanics at this early stage in order to support later work.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

Examples of problems that may be solved in this way include:
¥ How far apart should thcameras be within an average speed zone?
¥ At what angle should you hold an umbrella to keep snow off you?
Some examples of simplifying assumptions for these problems include:
¥ treating the car as a particle
¥ motion is in a straight line
¥ snow falls verticly.

&t
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COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students can generally correctly state assumptions, but they need to make sure that any assumptions or
statements about the model relate directly to the context they are considering. For example dhey coul
make the comment Othe resistance will not be constant® more specific by saying Oresistance will increas
as velocity increasesO.

NOTES

The particle (point mass) model is introduced here, i.e. the body has no size but does have mass, so
rotation is ignoed and the forces all act at one point.

The language of simplifying assumptions (light, smooth, uniform, inextensible, thin, rigid etc) is mostly
introduced in subsequent sections.

&4

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MA 0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS level Mathematics: Mechanics @Pearson

6b. Definitions of force, velocity, speed, acceleration, weight and Teaching time
displacement; Vector and scalar quantities (6.1) 1 hour
OBJECTIVES

By the end of the subnit, students should:
¥ understand and use derived quantities and units: velocity, acceleration, force, weight;
¥ know the difference between positiatisplacement and distance;
¥ know the difference between velocity and speed, and between acceleration and magnitude of
acceleration;
¥ know the difference between mass and weight (including gravity);
¥ understand that there are different types of forces.

TEACHIN G POINTS

Revise GCSE (91) in Mathematicscompound units for speed and acceleration and make sure that
students are comfortable converting from one unit to anagtgerfrom km!f into m!$".

Define the vector quantities displacement and velocity asvéleéor versions of distance and speed
respectively.

Begin by walking across the room and explaining the difference between position (referred to a fixed
origin), displacement (a vector measured from any position) and distance (a scalar quantity fai the tot
movement). Then move onto discussing speed (the rate at which an object covers distance) and velocity
(the rate of change of displacement or speed in a certain direction.

Mention the special acceleration (for a falling object) due to gravity. In thisepthis value is assumed

to be a constamy, usually 9.8'mf though it does vary in the real world.

This could be a good opportunity to dispel common misconceptions around weight and mass. Make it
clear that mass is the amount of Ostuff® somethimadis of, is a scalar and is fixed (in kg), whereas
weight is a force of attraction between an object and the centre of the earth and can vary depending on
gravity and is measured in newtons. Hence weight = mass ' gravity¢ @mg).

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

Show some basic force diagrams (as an introduction to Unit 8a) to illustrate different types of forces such
as weight, reaction and tension (all in newtons).

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

As mentioned above, studennay mix up mass and weight and their related units. Some struggle to use
the correct vocabulary e.g. for velocity and displacement. It is important to be really clear when giving the
definitions and to always use the correct vocabulary in discussions.

NOTES

Defining the units of acceleration as Ometres per second per second® helps explain the concept of rate o
change of spee&how that m/s/s is algebraically equivalent to’msmay also help to think about it in
terms of Ohow many metres per seadrgpeed is the object gaining every second?d

&%
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UNIT 7: Kinematics 1 (constant acceleration)

Return to overview

SPECIFICATION REFERE NCES

7.1 Understand and use the language of kinematics: positimplacement; distance travelled;
velocity; speed; acceleration

7.2 Understand, use and interpret graphs in kinematics for motion in a straight line: displacement
against time and interpretation of gradient; velocity against time and interpretaticed@rgrand
area under the graph

7.3 Understand, use and derive the formulae for constant acceleration for motion in a straight line

8.3 Understand and use weight and motion in a straight line under gravity; gravitational accelgration,
and its value ir5.1. units to varying degrees of accuracy

PRIOR KNOWLEDGE

GCSE (91) in Mathematics at Higher Tier

R1 Change freely between related standard units (e.g. time, length, area, volume/capacity, mass) and
compound units (e.g. speed, rates of pay, prices, gemséssure) in numerical and algebraic
contexts

R11 Use compound units such as speed, rates of pay, unit pricing, density and pressure

A2 Substitute numerical values into formulae and expressions, including scientific formulae

A5 Understand and use standlanathematical formulae; rearrange formulae to change the subject

Al4  Plot and interpret graphs (including reciprocal graphs and exponential graphs) and graphs of non
standard functions in real contexts to find approximate solutions to problems suchpés si
kinematic problems involving distance, speed and acceleration

Al5 Calculate or estimate gradients of graphs and area under graphs (including quadratic-and non
linear graphs), and interpret results in cases such as didtarecgraphs, velocitfime gaphs
and graphs in financial contexts

Al7 Solve linear equations in one unknown algebraically (including those with the unknown on both
sides of the equation)

Al8 Solve quadratic equations (including those that require rearrangement) algebraically by
factorising, by completing the square and by using the quadratic formula

AS MathematicdPure Mathematics content
3.1 Gradient (See Unit 2a of the SoW)

KEYWORDS

Distance (m), displacement (m), speed fh!welocity (m!'&), acceleration (m?§, retardation (mf8),
deceleration (m%¥), scalar, vector, 2D, linear, area, trapezium, gradient, equations of motion, gravity,
constant, 9.8!nf¥s vertical!

&&
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NOTES

The guidance on the specification document states that graphical solutions to probjebes neguired.

This section assumeonstantacceleration; hence the graphical approach involves linear line segments
and the familiar equations of linear motisnvat formulae for constant acceleration. (N.B. Oequation of
motionO refers = ma, and isnothing to do with these formulae).

The guidance also states that derivation of constant acceleration formulae may use knowledge of sections
7.2 and/or 7.4 (Unit 9).

Kinematics 2 (Unit 9) analyses particles® motion underiableforce, hence a variable acceleration.
The mathematical model for this requires calculus which is covered in AS MatherBafese
Mathematicontent, see SoW Units 6 and 7.

The usual value fog in this course is 9.8!n¥1§, but some questions may spgcé different value.
Students may assume tlgis constant, but should be aware that it is not a universal constant but depends
on location.
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7a. Graphical representation of velocity, acceleration and displacemer Teaching time
(7.2) (7.2) 2 hours
OBJECTIVES

By the end of the subnit, students should:

¥ be able to draw and interpret kinematics graphs, knowing the significance (where appropriate) of
their gradients and the areas underneath them.

TEACHING POINTS

Introduce this topic by making linke theGCSE (91) in Mathematicgrior knowledge for distan&ime

(travel) and speddime graphs. Kinematics is the analysis of a particleOs motion without reference to the
resultant force that caused that motion.

Stress that forces causing the motiontted body in this section amonstan; therefore acceleration is
constant and this results irsiraight linetravel speedtime or velocitytime graph.

Extend the ideas to displacement by considering a particle which moves in reverse direction back beyond
the starting point.

For a velocit§time graph, consider the units for the area of a unit square™y!s!s. The OsO cancels,
leaving OmO, therefore the area represents the displacement.

Discuss and interpret graphs that model real situations. For é&xathp distand&ime graph for a
particle moving with constant speed, the veldttitpe graph for a particle with constant acceleration.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

Throw an object straight (vertically) up in the air. Time the flight astadrate the greatest height, to scale
the graphs correctly, and keep for possible later use. Draw the displaBémerdnd velocititime
graphs (upward direction positive and initial velocity fmamo). If the object is caught at the same height
at whichit was thrown, what is the average velocity for the motion?

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Many students can draw a velocity time graph with the correct shape, but do not always label the required
speeds and times clearly on the axes. Stsdeften tend to add a scale (for example 4, 8, 12, 16, E)
unnecessarily, rather than just indicating the initial and final speeds.

Candidates are able to find distance travelled and the acceleration from #loeitygraphs and can find

an average speeblit some struggle with the vocabulary of velocity and displacement.

NOTES

This unit can be linked with Unit 7b by drawing a general vel@titye graph for a particle with initial
velocity (), final velocity §), taking time {) moving under constamiccelerationd). The gradient of the

line is# = a, which rearranges to = u + at. Finding the area under the graph3 different wayswill

leadto 3 of theothersuvatformulae butv® = u? + 2aswill have to be derived by eliminatirigbetween
two of them.

&d
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7b. Motion in a straight line under constant acceleration;suvat

. . : : Teaching time
formulae for constant acceleration; Vertical motion under gravity(7.3)
(8.3) 3 hours

OBJECTIVES

By the end of the subnit, students should:
¥ recognise when it is appropriate to tisesuvatformulaefor constant acceleration;
¥ be able to solve kinematics problems using constant acceleration formulae;
¥ be able to solve problems involving vertical motion under gravity.

TEACHING POINTS

Make linksback to Unit a and contrast the previous graphical approach with this algebraic approach.
Note that there are five quantitiess,u, v, aandt (four vectors and one scalar) and each formula relates
four of them hence there are five formuldbe formulaghat must be derived and learnt are:

¥ v=u+at
y gl

2
¥ s=ut+-af
¥ V=u’+ 2as
¥ s,=vt-:—at2

These formulae are only valid foonstantacceleration in a straight line (and are referred to asuhat
formulag.

When solving problems, write down known variables and the variable(s) to beBahisdshould help to
identify which one (or more, as some problems will involve simultaneous equations) siithe
formulae to select. Emphasise to students the needke suae units are compatible.

Model the good practice of drawing a diagram to illustrate the situation whenever possible, especially
when considering vertical motion under gravity. This will encourage students to draw their own diagrams.
Mark the positie direction on the diagram and take acceleration due to grayitg be 9.8!mf unless
directed otherwise. Students may assume ghistcongart, but they shodd be aware tha g is not a
universd congant but depend on location.

If an object is thrown upwards and upwards is taken as being positiva thE®.8!m!&. Explain that the
velocity is zero at the greatest height and there is symmetry in the path (up and down to the same point)
due to the fact that we model air resistias being negligible.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

One of the more demanding problems is when two objects are released (or dropped) at different times, say
2 seconds apart, and students are asked to find the common position when orsaupatchzasses the

other. Students may find it difficult to select the times (value§ tf assign in the equations; they may

need guiding towardsand ¢ B2) ort and € + 2).

|
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COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students are generally able to sseatformulae in 2D to find unknown heights, velocities etc. However,
students sometimes ignore the significance of a negative value for velocity, acceleration or displacement
and donOt refer their answer back to thgiral problem. They need to recognise thatEB!m means the

object is 3!mbelowits starting pointin the negative direction i.e is effectively a coordinate. This

where a diagram helps students understand the physics of the situation.

NOTES

End the section by looking forwards to Kinematics 2 (Unit 9) with a problem illustrating a variable
acceleration e.gv = 2 + 3t. Explain that this will give a curved veloclyme graph so theuvat
formulae will not work and instead we may need to fimel gradient of the tangent and the area under the
curve (Link back taGCSE 9-1) in Mathematics atligher Tier or to calculus in AS BhematicdD Pure
Mathematicontent, see SoWnit 7) You could also consider how to analyse motion in 2D (or 3D); this
will be addressed during Kinematics 2 (Unit 9).
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UNIT 8: Forces and NewtonOs laws

Return to overview

SPECIFICATION REFERE NCES

8.1 Understand the concept of a force; understand and use NewtonOs first law.

8.2 UnderstandanduseNewtonOsecondaw for motionin a straightline (restrictedto forcesin two
pempendiculardirectionsor simplecasef forces given as 20, j) vectors).

8.4 Understandand use NewtonOsthird law; equilibrium of forceson a particleand motion in a
straicht line; applicaton to problemsnvolving smoothpulleys andconrectedparticles.

PRIOR KNOWLEDGE

¥ Modelling and definitions/assumptions from ih&oduction in Unit 6

GCSE (91) in Mathematics atligher Tier

Al19 Solve two simultaneous equations in two variables (linear/linear or linear/quadratic) algebraically;
find approximate solutions using a graph

AS Mathematic®Pure Mathematics content
10.1D10.5 Vectors in 2D (See SoW Unit 5)

KEYWORDS

Force, newtons, mass, weight, gravity, tension, thrust, compression, air resistance, reaction, driving force,
braking force, resultant, force diagram, equilibrium, inextensible, light, negligialgicle, smooth,
uniform, pulley, string, retardation, free particle.

NOTES

This section doerot contain any resolving of forces into perpendicular components, nor does it consider
the use of the coefficient of friction for frictional forces.
! !
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8a.NewtonOs first law, force diagrams, equilibrium, introduction to ij Teaching time
system of vectors (8.1) 3 hours
OBJECTIVES

By the end of the subnit, students should:
¥ undestard the concep of aforce undestard and use NewtonOsir st law.

TEACHING POINTS

Relate this topic back to the different types of forces defined in Unit 6b.

Newton said &h object continues in state of rest or uniform motion unless acted on by an externé force
Hence one can define a force as something which causes a body to ac&etetabe to students that Ono

force acting® means a body will either be stationary or be moving with constant velocity (i.e. acceleration
= zero). This is why in outer space anemttjkeeps moving at constant speed once pushed (there are no
forces to speed it up, slow it down or stop it moving.)

So, an object at rest or constant velo€ityno resultant force; an object changing speed or direttion
resultant force. This will lead tdewtonOs second law in the next section.

Newton also statedA®en an object A exerts a force on another object B there is an equal and opposite
reaction force of B on &Explain that if a book is on a smooth, horizontal table, the forces acting on the
book are the WeightW (vertically down) and the normal reactioR,(always at 90; to theurfaceof
contact). Assuming the table surface material is strong enough to hold the full weight of the book, the two
forces balance each other and there is no reduftace. The book does not move, hence it is in
equilibrium.

Ask questions such as: If the book has a mass of 5'kg, what is its weight? Therefore, what would the
magnitude of the normal reaction be to guarantee equilibrium?

Draw different examples of foecdiagrams to illustrate: weight, reaction, tension (in strings), thrust (in
rods), compression (in light rods, springs) etc.

To illustrate thrust, balance a book on a ruler.In which direction is the thrust force acting?

Introduce the - j notation.The forces can be given in-j form or as column vectors. Questions on
equilibrium will be limited to perpendicular forces sike sum of the forces must bé ® 0 for
equilibrium.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

You could extend to rough inclideplanes and show all the forces balancing to provide equilibrium.
Resolving forces is not in the AS course (covered in A Level Matheniliffiechanics content, see SoW
Unit 5a).

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students are often good drawing force diagrams, but common errors are omitting arrowheads,
incorrectly labelling (e.g. 4'kg rather thag) 4nd missing off the normal reaction.

Students can easily be confused by the vocabulary, e.g. mixing up Oresultant® and Oreactiond.

!
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NOTES

Resolving forces is not in the AS course aagilibrium problems will not require forces to be resolved.
Scenarios will beesticted to forces in two perpendcular diredions, or simple case of forces, given as
2D vedors.

Resolving forces and thmncept of a friction force (which opposes relative motion) is covered in A level
MathematicdMechanics section, see Sadwmit 5.
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8b. NewtonOs secondw, & = ma0, connected particles (no resolving
forces or use of = pR); NewtonOs third lawequilibrium, problems
involving smooth pulleys (8.2) (8.4)

Teaching time
3 hours

OBJECTIVES

By the end of the subnit, students should:

¥ undestard and be able touse Newton® secom law for motion in a straight line (redricted to
forcesin two perpendcular diredions or simple case of forcesgiven as 2D (i, j) vedors.);

¥ undestard ard use Newton@® third law; equlibrium of forces on a paticle and motion in a
straight line; apgi cation to problemsinvalving smoath pull eys and conrected particles.

TEACHING POINTS

Newton stated,Where there is a force, there is an acceleration (or deviation from uniform motion) and
the force is proportional to the accelerat©mhereforeF # a, and choosing the constant to suit the
motion units give§ = ma (NewtonOs second law). This is known as the Oequation of motionO.

Explain to students that if they sum all the effects of the forces acting, in a particular direction, this will be
equal to the mass x the acceleration in that direction. This proces$e$ redolving the forces in that
direction e.g. resolving horizontally, &(' ) for short. ItOs usually best to resolve IN the direction of the
acceleration and/or perpendicular to the direction of the acceleration.

When resolving always take the positig#ection as the direction of the acceleration and put all the
forces on one side of the equation and (mass x acceleration) on the other side.

When working on connected particles problems (such as trains or pulley systems) explain to students that
they shalld consider the whole system as well as the separate Applications to be covered are lift
problems, car and caravan type questions and connected particles passing over a smooth pulley. Consider
both pulley scenarios: a pulley with both stings haggiertically; and a pulley at the end of a horizontal
table.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

For the connected particle problems, discuss, the assumptions from Unie.6amooth pulley,
inextensible string, same tension in the string. Extdwdquestions so that (for a pulley question) the
particle moving down eventually hits the table and the string goes slack. This means the particle moving
up continues as a Ofree® particle so we now apply the equations of motcnBgiBim!&.

COMMO N MISCONCEPTIONS/EXA MINER REPORT QUOTES

Pulleys In past exam questions, most students used an equation of motion for each particle with very few
Osingle equationO solutions. Students may also mistakenly take the acceleration to prathe tioan

the value obtained in the question.

2 Vehicles In exam questions of a candtrailer type, students may consider the car and trailer as a
single system. Common errors when resolving are: to add a tension force (when there is no rope): to
consider the weight; or to confuse the positive and negatigetitins.

|
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NOTES

Starting with the OwinnerQ is most useful when the dynamics move into more complicated questions later
in the course (e.g. inclined planes and resolving forces).

"%l
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UNIT 9: Kinematics 2 (variable acceleration)

Return to overview

SPECIFICATION REFERE NCES
7.4 Use calculus in kinematics for motion in a straight line.
PRIOR KNOWLEDGE

GCSE (91) in Mathematics atligher Tier

All Identify and interpret roots, intercepts, turning poiotgjuadratic functions graphically; deduce
roots algebraically and turning points by completing the square

Al4  Plot and interpret graphs (including reciprocal graphs and exponential graphs) and graphs of non
standard functions in real contexts to find apmate solutions to problems such as simple
kinematic problems involving distance, speed and acceleration

Al5 Calculate or estimate gradients of graphs and area under graphs (including quadratic-and non
linear graphs), and interpret results in cases siscHistancdéime graphs, velocitfime graphs
and graphs in financial contexts

AS Mathematic®Pure Mathematics content

7,8 Differentiation and integration of polynomials (See Units 6 amd the SoW)

KEYWORDS

Distance, displacement, velocity, speechnstant acceleration, variable acceleration, retardation,
deceleration, gradient, area, differentiate, integrate, rate of change, diraghmition, with respect to
time, constant of integration, initial conditions.

NOTES

All the functions in this seiin are functions of time, so the differentials and integrals are always with
respect to time.

Pearson Edexcel Level 3 Advanced Subsidiary GCE in Mathematics  (8MA 0)
One-year Scheme of Work
© Pearson Education  Limited 2017



AS level Mathematics: Mechanics @Pearson

9a. Variable force; Calculus to determine rates of change for Teaching time
kinematics (differentiation) (7.4) 3 hours
OBJECTIVES

By the end of the subnit, students should:

¥ be able to uscdcuus (differentiation)in kinematics to modelmotion in a straight line for a
particlemoving with variable acceleratipn

¥ understand that gradients of the relevant graphs link to rates of change;

¥ know how to find max andhin velocities by considering zero gradients and understand how this
links with the actual motion (i.e. acceleration = 0).

TEACHING POINTS

Start by statinghat thesuvatformulaefrom Unit 7 canonly be used when acceleration is constant and
the motion § in a straight line. This means the sptgtk or velocitytime graphs are made up of straight
lines.

Draw the graph of say,= 2t* +2t + 1 (fort >0). This is part of a parabola where the gradient is increasing
SO as time passes the object is accataramore quickly. As acceleration is not constant, sheat
formulae will not work for this model.

Make links (usingAS Pure Mathematicscalculus) to the rate of change of velocity explaining that
11

— = gradient = acceleration. This idea that the gradient of a velitioiy graph gives acceleration should
be familiar from previos work in Unit 7 and also fro @ CSE (91) in Mathematics.

Summarise the situation by talking about, velocity as the rate of change of displacement and acceleration
as the rate of change of velocity.

. . Il !
Express these statements in the notation of calcukas; anda=—=—-.

!
Students will also need to relate the fact that the gradient = 0 at the max or min point to this mathematical
o . . . : .
model i.e. if =0, then acceleration = 0, so the particle must be at max or min velocity, as it canno
accelerate (or get any faster or slower) any more at this point in time.

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

[
You could extend the calculus approach to relate double differentiation and stghsoahdicate if it is

a min or max displaceent.

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students who draw sketches of the situation are often more successful in reaching the correct solution, so
you should continue to encourage this wherever possible.

Students often ignore or donOt recogttisedifference between displacement and distance and so may
end up discarding negative values without considering how they should be interpreted.

|
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NOTES

The level of calculus will be consistent wittethontents of AS Pure Mathematics

The specification states the followifiy = % a=—=—using @ to represent displacemex).O

r will become the vector notation of displacement when we later analyse 2D kinematics usjfg the
system (A level Mathemati@&@Mechanis section, see SoW Urdj.
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9b. Use of integration for kinematics problemsi.er = [! I, v=[! I Teaching time
(7.4) 2 hours
OBJECTIVES

By the end of the subnit, students should:
¥ be able to uscdculus (integration)in kinematics to modelmotion in a straight line for a particle
moving under the action of a variable force;
¥ understand that the area under a graph is the integral, which leads to a physical quantity;
¥ know how to use initial conditions to calculate the constant of integratiomededback to the
problem.

TEACHING POINTS

Return to the graph of= 2t° +2t + 1 (fort > 0) introduced at the start of Unit 9a.
From earlier work in Unit 7 and fro@®CSE (91) in Mathematicsstudents should know that the area
under a velocititime graf equals the displacement.
Remind students that, frorhdir work for Pure Mathematic¢he area under a curve can be found using
integration. This means that the integral of the velocity expression (with respect to time) gives the
displacement.
By linking integration with the reverse of differentiation, displacement and velocity can be found by
integrating expressions for velocity and acceleration respectively:

r=f111andv=[11!
(Again @D can be used in placerd €r straight line motion this section)

Move on to explain that the constant of integratimneeds to be found by referring back to the problem
and using some (usually initial) information about the body. For example knowing that the particle starts
from O at rest means that whenr= 0 (initially), s = 0 (atO) andv = O (at rest). These values can be
substituted to calculate

OPPORTUNITIES FOR PROBLEM SOLVING/MODE LLING

Students need to be able to know when to differentiate and/or intequateow acceleration = 0 gives a
maximum velocity so questions like the following are useful.
A particle moves so that itOs motion is modelled by the following equatiasi(3 Dt)!im!S".

Find: a the times when it is at redt,its maximum velocityc an expression for its acceleratiahthe total
distance it travels between the times it is stationary.
Extension: Starting with constara, students can derive the earlier equations of uniform motion. Stress

constants of integration, which producen v=u + atand thesy (swhent=0) ins=ut + :—at2+ So-

COMMON MISCONCEPTION S/EXAMINER REPORT QU OTES

Students can easily forget that if the velocity becomes negative, for example when a particle stops and
changes direction, they need to split the integral to calculate distancethatfelisplacement.
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NOTES

The following diagram may help studemtscide whether to differentiate or integrate to solve a problem.
@O for thelown arrow meangi@ferentiate®. Hence, down froed@ivesvO OH =V,

Integration is the oppositef differentiation so up is integrate, so up froad@ivesvO or integral 0O
with respect td gives @0.

diff " v# int

a#
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