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A level Further Mathematics for AQA Mechanics Student Book 1 (AS/A Level)
Scheme of Work
This Scheme of Work has been compiled to help you teach the new AS/A Level Further Mathematics for AQA specifications. 
Each page covers one chapter from Cambridge University Press’ brand new resource A Level Further Mathematics for AQA Mechanics Student Book 1 (AS/A Level), for the specifications for first teaching in 2017, and has been divided into the following sections:
· Specification references and chapter objectives show you how the resources cover each point of the specifications, and what students should learn throughout the course of the chapter.
· A teaching breakdown provides a suggested number of teaching hours to cover the content of the chapter, based on 360 GLH for a full A Level, and 144 GLH for the AS content. You may need to adapt this guidance according to your timetable.
· An introductory paragraph gives you some context for the chapter, and explains its content in more detail.
· Common misconceptions provide guidance on areas where students typically make mistakes, and techniques you might use to address these.
· Chapter links provide reference to supplementary resources, including Underground Mathematics and NRICH. These also highlight synoptic links between different areas of the book, and between pure and applied topics.



1 Work, energy and power 1 (p.1)
AQA specification references:  MC1, MC2, MC3, MC7
Chapter objectives 
· Calculate the work done by a force.
· Calculate kinetic energy.
· Use the work-energy principle.
· Equate gravitational potential energy to work done against gravity.
· Recognise the power of a driving force.
Teaching breakdown
	Chapter section
	Number of lessons

	1. The work done by a force
	1

	2. Kinetic energy and the work-energy principle
	1

	3. Potential energy, mechanical energy and conservation of mechanical energy
	1

	4. Power
	1



This chapter builds on the knowledge of forces developed in A Level Mathematics Student Book 1, Chapter 18 and defines the movement of an object caused by a constant force acting as the work done (measured in joules) by the force. Throughout the chapter the work done by a force is related to different forms of energy (kinetic and gravitational potential, with elastic potential energy considered in Chapter 5) and the transfer of energy from one form to another.
The final section of this chapter examines the rate at which work is done, power.
Common misconceptions 
Before starting this chapter it may be useful for students to review the language associated with forces and Newton’s Second Law, and the SI units involved: energy (J), mass (Kg), speed (ms-1), distance (m) and force (N). 
Students occasionally find it difficult to understand how to answer questions like Worked Example 1.2, where the work done by the brakes is equivalent to the work done by the lorry against the brakes. Exercise 1A should help with identifying what is needed for each work done calculation. 
The work-energy principle is a key idea in mechanics, and this is the first place a student will meet it. Students sometimes find it difficult to remember how to calculate the total work done on a moving object by looking at the difference between the work done by the propulsive and resistive forces. Worked examples 1.9, 1.10 and Exercise 1B give plenty of opportunity to embed this idea before starting Section 3 which looks at solving problems using energy and the conservation of mechanical energy. The diagram after Key Point 1.6 could be used with the text removed to help students consolidate the idea of conservation of mechanical energy and then work on Exercise 1C question 11 in groups to put into practice the ideas learnt in previous sections. 

1 Work, energy and power 1 (cont…)
The final section relates to power and specifically looks at average power. Students can often forget the relationships between the quantities power, work done, time taken, force, distance and speed. It may be a good idea to return to these relationships after studying Chapter 2 on Dimensional Analysis and have the students show that the formulae for power are equivalent using the techniques learnt in that chapter. The phrase “tractive force” is used in this chapter and refers to the driving force for the object.
A LEVEL ONLY: In this chapter Worked Example 1.8, Exercise 1D question 7 and Mixed Practice 1 question 14 provide questions that include the use of vectors.
Chapter links
	Source
	Description

	External resources:
NRICH
	
Lunar leaper: https://nrich.maths.org/287 
Powerfully fast: https://nrich.maths.org/6370 

	Links with other topics
	Section 1: Fast forward to Chapter 5
Section 1: Rewind to A Level Mathematics Student Book 1, Chapter 18





2 Dimensional analysis (p.23)
AQA specification references:  MA1, MA2
Chapter objectives 
· Understand the concept of dimensions.
· Use the language and symbols of dimensional analysis.
· Understand the connections between units and dimensions.
· Check the validity of a formula by using dimensional considerations.
· Predict formulae by using dimensional analysis.
Teaching breakdown
	Chapter section
	Number of lessons

	1. Defining and calculating dimensions
	1

	2. Units and dimensions of sums, differences and angles
	1

	3. Finding dimensions from units and derivatives, conversions of units and predicting formulae
	1

	4: Summary of dimensions and units
	



This chapter deals with the study of the relationships between different physical quantities and how they are combined in formulae. Physical quantities that are commensurable (same dimension) can be directly compared with each other even if they are expressed in different units (like centimetres and inches), whereas physical quantities that are incommensurable (different dimensions) cannot be expressed in terms of each other (like length and mass). A formula expressed in physical quantities can only be meaningful in the physical world if the dimensions on the left and right hand sides are the same.
A useful article is given by NRICH  (https://nrich.maths.org/6636).
Common misconceptions
Before starting this chapter it may be useful for students to have a copy of Exercise 2D to  fill in as they encounter different quantities. 
Students may find it challenging to move away from a definition of the word “dimension”. That is, that the dimension of the quantity describes what sort of quantity you are measuring. Exercise 2A should help students to work with the quantities rather than any preconception of what “dimension” is.
Section 2 deals with the dimensions of sums and differences in formulae and it is highlighted that you can only add or subtract quantities if they have the same dimensions, however they do not have to have the same units. To end the work on the dimensions of sums and differences, you could work on Exercise 2B question 10 as a class to consolidate learning. Also in this section, the dimensions of angles and trigonometric functions are explained, with the use of radians (which is introduced in A Level Mathematics Student Book 2, Chapter 7 but will be required for the AS Further Mathematics course). This is the first example (Key Point 2.4) of a quantity that is dimensionless but has a unit.

2 Dimensional analysis (cont…)
Key Point 2.5 in Section 3 is very important for students to understand: you can predict dimensions from units or formulae but it is not always possible to predict units from dimensions. This point can be consolidated in Exercise 2C and in Mixed Practice 2. Finally, when working with second derivatives it is important that students recognise what you can and cannot do when calculating the dimensions. An example relating to acceleration as the second derivative of displacement is given in Section 3, and the correct way to handle this as the second derivative of displacement is outlined. Students can then consolidate this idea using Exercise 2C questions 3, 10 and Mixed Practice 2 question 10.
Chapter links
	Source
	Description

	External resources:
NRICH
	
Dam busters 2: https://nrich.maths.org/5838 
New units from old: https://nrich.maths.org/6153 

	Links with other topics
	Section 1: Rewind to A Level Mathematics Student Book 2, Chapter 18
Section 2: Rewind to A Level Mathematics Student Book 2, Chapter 7
Section 2: Rewind to A Level Mathematics Student Book 1, Chapter 18
Section 2: Rewind to Chapter 1
Section 3: Fast forward to Chapter 5
Section 3: Rewind to A Level Mathematics Student Book 1, Chapter 16





3 Momentum and collisions 1 (p.47)
AQA specification references:  MB1, MB2, MB3
Chapter objectives 
· Understand momentum and impulse in mathematical terms with units.
· Understand that linear momentum is conserved in a collision between objects that are free to move.
· Understand that impulse on a body is equal to the change in momentum.
· Calculate impulse of variable forces.
· Understand Newton’s experimental law for collisions.
· Analyse and solve problems involving simple collisions in a straight line.
· Use vectors to analyse and solve problems involving simple collisions in two dimensions.
Teaching breakdown
	Chapter section
	Number of lessons

	1.  Momentum and impulse
	2

	2. Collisions and the principle of conservation of momentum 
	2

	3. Restitution and kinetic energy
	2



This chapter formulates the idea of momentum and impulse, and introduces problems involving collisions. Students will learn how to use conservation of linear momentum to solve problems involving changes in speed and collisions. Newton’s experimental law for collisions is also introduced and students will see a variety of situations with different types of collisions (from perfectly elastic to perfectly inelastic). 
Common misconceptions 
Before starting this chapter it may be useful for students to recap Newton’s second law and the definitions of kinetic and potential energy. 
Worked example 3.2 allows students to see how the formula for impulse can be found and strengthens the idea that momentum is mass multiplied by velocity (Key Point 3.1). Students sometimes forget that force, impulse, velocity and momentum are all vector quantities and so a positive direction should be stated before starting each question. Worked examples 3.3, 3.5 and 3.6 introduce good habits for setting out momentum and impulse questions, and this can be consolidated in Exercise 3A. 
Section 1 also introduces the use of vectors with Worked Example 3.7 and Exercise 3A questions 15 and 16 can be used to consolidate. Finally, Key Point 3.3 introduces how to calculate impulse with a variable force, with Worked Examples 3.8 and 3.9 to demonstrate this. Students must make a distinction between forces that are constant and those that are not, however understanding what happens if you use a constant force and Key Point 3.3 together would strengthen students’ understanding of this concept.


3 Momentum and collisions 1 (cont…)
Section 2 deals with collisions and students find it challenging to work with directions and making sure the sign of their quantities (force, velocity, momentum and impulse) are correct. The distinction between which direction to take an impulse in is examined in the introduction to Section 2 and in Worked Examples 3.10 and 3.11.
Collisions can cause students some issues:
· when masses combine (or coalesce) can form some confusion with students trying to remember which mass and velocity to use. Worked Examples 3.12 and 3.13 give a basic and more complicated example that can draw out any misconceptions students have. 
· when there is more than one collision, and organising their work becomes very important. Worked Example 3.14 gives a clear way to tackle this type of problem and good way to organise students’ workings.
In the final section on restitution and kinetic energy, students will again need to be certain of the direction they are taking as positive for the question to make sure their coefficient of restitution calculation is correct. It is good practice to get students to check their calculations by thinking about what is physically happening, what the speed of separation is and approach from the point of view of each particle involved. Students should become aware that problems involving the coefficient of restitution will often require the use simultaneous equations. 
Chapter links
	Source
	Description

	External resources:
GeoGebra
	
Linear momentum: https://www.geogebra.org/m/MzNH49F9 
Momentum and impulse: https://www.geogebra.org/m/X8eyyzw6 
Elastic and inelastic collisions: https://www.geogebra.org/m/DjGrhhFr 

	Links with other topics
	Section 1: Rewind to A Level Mathematics Student Book 1, Chapter 16
Section 2: Rewind to Chapter 1
Section 3: Rewind to Chapter 1






4 Circular motion 1 (p.84)
AQA specification references:  MD1, MD2, MD3, MD4 (A Level), MD5 (A Level)
Chapter objectives 
· Model motion of a particle moving in a horizontal circular path under a constant speed.
· Link linear speed and angular speed of a particle moving in a horizontal circular path.
· Find the acceleration and forces acting on a particle moving in a horizontal circular path.
· Use velocity and angular velocity as vector quantities (A Level only).
· Solve problems relating to motion in a horizontal circular path in 3D (A Level only).
Teaching breakdown
	Chapter section
	Number of lessons

	1. Linear speed versus angular speed
	1

	2. Acceleration in horizontal circular motion
	1

	3. Horizontal circular motion in 3D (A Level only)
	2


 
This chapter introduces students to the concept of circular motion and the need to define angular speed. For AS Level students, Sections 1 and 2 are required and outline the basic formulae needed to deal with objects moving in a horizontal circular path. 
For A Level students, Section 1, 2 and 3 are required. Section 2 uses vectors to define the path of a particle and students will learn how to prove if such a path defines a circular motion. In addition to this, Section 2 also includes questions in Mixed Exercise 4B which include the coefficient of friction (questions 6-9). 
Section 3 still examines horizontal circular paths, however the forces involved are no longer in the same horizontal plane. 
Common misconceptions 
Before starting this chapter it will be useful for students to recap ideas about proportion and rates (one revolution per second etc). An understanding of basic calculation relating to rates of change will allow students at AS Level to fully access the formulas described. In addition to this, it is a requirement that all students know and can work with radians and Newton’s second law. For A Level students, it would be helpful if they have been introduced to the idea of different parameterisation of a circle. 
Students who understand proportional reasoning usually access the basic material for horizontal circular paths well and can confidently move between different ways to present the speed of a particle in a circular path. Exercise 4A question 2 gives an opportunity to practise this. Students must also make sure that they have a firm understanding that the acceleration is directed towards the centre of the circular motion. Focus on… Proof 1 can be used to explore these ideas and especially Mixed Practice 4 questions 6–9, 18 and 19.

4 Circular motion 1 (cont…)
A Level students will be required to show that an object is moving in a circular path and will need to read the question they are given carefully to know which vector they have been given (position, velocity or acceleration). Worked Example 4.4 introduces this and Exercise 4B question 11, Mixed practice questions 11, 12, 16 and 17 allow for consolidation of these ideas.
Finally, students often make careless errors when resolving forces and Exercise 4C question 2 can be used to draw out any misconceptions or poor layout of workings before tackling the more involved questions 3, 4 and 5.
Both AS and A Level students would benefit from Mixed Exercise 4 question 20, where knowledge of Chapter 5 is required to answer the question. This is useful for students to see that the areas of mechanics they are learning can be connected.
Chapter links
	Source
	Description

	External resources:
NRICH
Underground Mathematics
	
Whirly ball: https://nrich.maths.org/4756 
Rotating derivatives: https://undergroundmathematics.org/calculus-trig-log/rotating-derivatives 

	Links with other topics
	Section 1: Rewind to A Level Mathematics Student Book 2, Chapter 7
Section 2: Rewind to A Level Mathematics Student Book 1, Chapters 15, 18 and 19
Section 2: Rewind to A Level Mathematics Student Book 2, Chapters 10 and 18
Section 2: Rewind to Further Mathematics Student Book 1, Chapter 9
Section 3: Rewind to A Level Mathematics Student Book 1, Chapter 19





5 Work, energy and power 2 (p.107)
AQA specification references:  MC4, MC5, MC6 and MC1 (A Level)
Chapter objectives 
· Calculate the work done by a variable force f(x) when displacement is along the x-axis.
· Understand and use Hooke’s law for elastic strings and springs.
· Calculate the work done extending an elastic string and the work done extending or compressing an elastic spring.
· Calculate the work done by a force acting at an angle to movement (A Level only).
· Include elastic potential energy in problems involving conservation of energy (A Level only).
Teaching breakdown
	Chapter section
	Number of lessons

	1.  Work done by a variable force f(x)
	2

	2. Hooke’s law, work done against elasticity and elastic potential energy  
	2

	3. Work done by a force at an angle to the direction of motion (A Level only)
	2

	4. Problem solving involving work, energy and power (A Level only)
	2



This chapter extends the ideas of Chapter 1 to work done by a variable force (as a function of displacement) and introduces the concept of elastic potential energy. For A Level students, forces are considered acting at an angle to movement.
Common misconceptions 
Before starting this chapter it may be useful for students to review Chapter 1 and previous work on integration. This will allow students to build on these ideas straight away when starting with Section 1.
Students need to be clear about the differences between springs and elastic strings, and how Hooke’s law can be used in each situation to examine the tension. Worked Example 5.4 deals with an elastic spring and Worked Examples 5.5–5.7 deal with elastic strings, and should help students understand a variety of situations.
When considering work done students will need to be confident in the use of either stiffness or modulus of elasticity in these calculations, and that the work done in extending light elastic strings or springs is stored as elastic potential energy. Worked Examples 5.9 and 5.11 examine the principle of conservation of energy, when an object is acted on only by its weight and the force in an elastic string or spring. These examples will help students understand what to look for in a question where energy is being transformed between the different forms, and Exercise 5B gives plenty of opportunity to consolidate.


5 Work, energy and power 2 (cont…)
For the A Level content is this chapter, students often make small errors when resolving forces in different directions. Using Worked Examples 5.12–5.15 will help practise this and the application to work done. The final section brings together all the concepts presented in Chapter 1 and Chapter 5 Sections 1 and 2, however this time elastic strings and moving objects are no longer horizontal but inclined at an angle to the horizontal. Students need to make sure they are considering the different components of the resolved forces in useful directions for the question.
Chapter links
	Source
	Description

	External resources:
NRICH


GeoGebra
	
Slingshot: https://nrich.maths.org/7664 
Collisions with a vertical spring: https://nrich.maths.org/7608 
Spring frames: https://nrich.maths.org/7112 
Hooke’s spring law: https://www.geogebra.org/m/rueQTGa7 

	Links with other topics
	Section 1: Rewind to Chapter 1
Section 2: Rewind to Chapters 1 and 2





6 Momentum and collisions 2 (p.145)
AQA specification references:  MB1 (A level), MB2 (A level), MB3 (A level), MB4
Chapter objectives 
· Find the impulse of a variable force.
· Apply the principle of impulse, conservation of momentum and Newton’s experimental law in two dimensions using vector notation.
· Calculate the result of oblique impacts with a fixed object.
Teaching breakdown
	Chapter section
	Number of lessons

	1.  Vector force and vector notation
	1

	2. Oblique impacts and the impulse-momentum triangle
	2



This chapter extends the concepts and ideas of Chapter 3 to include variable forces and oblique impacts. The chapter is split into two parts, the first examining variable forces as a function of time and the second situations comprising of oblique impacts. 
Common misconceptions 
Before starting this chapter it may be useful for students to recap Chapter 3 and resolving vectors into parallel and perpendicular components. 
Students should be cautious when performing calculations with piecewise defined force functions, as in Worked Example 6.1. They must make sure they use the correct boundary conditions for the integral and the correct integrand when calculating the impulse over a given time. Exercise 6A also contains a selection of questions using vectors, and students will need to be confident in applying the conservation of momentum in the x-direction and the y-direction separately. 
The final section is for A Level students only and deals with oblique impacts. Students should become fluent in resolving the velocity parallel and perpendicular to the surface of impact. Students can use Worked Examples 6.2 and 6.3 to see how to tackle problems involving oblique impacts, and Exercise 6B to consolidate their understanding. 
One of the most challenging aspects of this final section for students will be calculating the impulse for an oblique impact using an impulse-momentum triangle. Although not necessary when dealing with simple impacts when the impulse acts at right angles to the wall, when the impulse is not perpendicular the impulse-momentum triangle can be more efficient. Worked Examples 6.5 and 6.6 give a clear structure to using the impulse-momentum triangle that students can dissect.
 

6 Momentum and collisions 2 (cont…)
Chapter links
	Source
	Description

	External resources:
NRICH
GeoGebra (A Level)
	
Pool shot: https://nrich.maths.org/7646 
Hit of billiard ball: https://www.geogebra.org/m/X8eyyzw6#chapter/200116 

	Links with other topics
	Section 1: Rewind to Chapter 3
Section 2: Rewind to Chapter 3





7 Circular motion 2 (p.160) (A Level only)
AQA specification references:  MD6
Chapter objectives 
· Work with a particle moving in a circle with variable speed.
· Model the motion of a particle moving in a circle in a vertical plane.
· Use the principle of conservation of mechanical energy to solve problems involving a particle moving in a vertical circle.
· Solve problems involving moving particles where part of their path is a vertical circle.
Teaching breakdown
	Chapter section
	Number of lessons

	1. Conservation of mechanical energy
	2

	2. Problem solving situations 
	2



This chapter examines motion in a vertical circle, that is, when a particle’s speed varies as it moves around its circular path. Using the law of conservation of mechanical energy, students can determine the speed of a particle at various points in its circular orbit. 
When you consider particles attached to string or rods moving in a circular path, then different criteria emerge which determine whether the particle will make full circles.
Common misconceptions 
Before starting this chapter it will be useful for students to recap Chapter 1 on Circular Motion (maybe a few questions from the Mixed Practice section) and Chapter 1, Section 3 on conservation of mechanical energy. 
Students often think that just because an object has enough energy to reach the highest point in a circular orbit then the particle will form complete circles. This is not the case for particles attached to strings, where the string must stay in tension for the particle to make full circles. Key Points 7.3 and 7.4 highlight this and Worked examples 7.4 and 7.5 explore the differences between strings and rods. 
Students must also become confident at modelling the height of the particle as it moves around its circular path to calculate the change in gravitational potential energy. Using the Underground Mathematics resource “How high am I?” as an introduction will get students thinking along the right lines and Exercise 7A questions 1 and 2 provides an opportunity to practise this calculation. 
For students who are interested, they could explore if it is necessary to have the tension greater than zero at the highest point or whether full circles be formed if the tension equals zero at this point. Furthermore, in Focus on… Proof 1 the radial and transverse components of acceleration are explored. This is not a requirement for the AQA Further Mathematics Mechanics syllabus. 


7 Circular motion 2 (cont…)
Finally, students often forget that if a particle is to leave a surface then the normal reaction force between the particle and surface will become zero. Worked Example 7.6 highlights this and students can consolidate their new knowledge using Exercise 7B question 1 and a more involved example in question 11. 
Chapter links
	Source
	Description

	External resources:
NRICH

Underground Mathematics
	
Motorbike momentum: https://nrich.maths.org/6643 
Giant swing: https://nrich.maths.org/7681 
How high am I?: https://undergroundmathematics.org/trigonometry-triangles-to-functions/how-high-am-i 

	Links with other topics
	Section 1: Rewind to Chapter 1
Section 1: Rewind to A Level Mathematics Student Book 1, Chapter 18





8 Centres of mass (p.185)
AQA specification references:  ME1, ME2, ME3, ME4, ME5
Chapter objectives 
· Find the centre of mass of arrangements of particles, uniform rods and symmetrical uniform laminas.
· Find centres of mass of two- and three- dimensional objects of standard shape.
· Find centres of mass of composite bodies, including bent wires.
· Use integration to find centres of mass of uniform laminas and uniform solids of revolution.
· Apply your knowledge of centre of mass to problems of equilibrium. These will include suspension of a lamina and toppling or sliding of a lamina acted on by several forces.
Teaching breakdown
	Chapter section
	Number of lessons

	1. Centre of mass of a system of point masses 
	2

	2. Centre of mass of standard shapes  
	2

	3. Centres of mass of composite bodies 
	2

	4. Centres of mass by integration
	2

	5. Equilibrium of a rigid body
	2



This chapter focuses on the concept of centre of mass and how to calculate it for a variety of situations outlined above. 
This chapter sits before Chapter 9 (Moments and couples), but understanding sliding and toppling of lamina acted on by several forces (Section 5) may be supported by completing Section 1 from Chapter 9, to fully prepare students for calculating moments involving forces that are acting at an angle.
Common misconceptions 
Before starting this chapter it will be useful for students to recap vector notation, all techniques for integration they have learnt in A Level Mathematics, what a moment is and how to calculate it, and what the limiting value of friction is.
When calculating the centre of mass for an arrangement of particles in a straight line, it is important for students to understand that the calculation is a weighted average. This will allow students to perform a common sense check when calculating so that the centre of mas found makes sense. This is then extended into two dimensions by considering the x and y positions independently.


8 Centres of mass (cont…)
Before students deal with abstract situations, it is a good idea to find the centre of mass of an object using the idea of symmetry and by suspending the object from various points (Key Point 8.13). Once students get a feel for what the centre of mass is, it should make it easier to work with the formulae introduced in Section 2 and given in the formula book. Students should be careful when using the formula book to make sure they have read the question and determined if the object is solid or made from a wire frame.
Section 3 builds on the work of Sections 1 and 2, by using the standard formula and incorporating a vector approach. Students often find it challenging to deal with situations like Worked Example 8.13, where a section is removed. Mixed exercise 8C question 1e, g, h will allow students to consolidate their understanding of this way of calculating the centre of mass. Finally, more standard formulae are introduced Section 3 and students must make sure they choose the correct formula for the question. 
The standard formulae mentioned above can be proved using the ideas of finding the centre of mass of a uniform lamina and 3D shape by using integration. These formulae have their origins in the first formula met in Section 1, and it will help students understand why they are constructed in this way if they can follow the ideas in the text of Section 4.
The final section looks at equilibrium and the conditions for stability, limiting equilibrium and toppling. Students often find it challenging to know when an object will slide or topple. Worked Examples 8.31–8.33 give a variety of situations with which students will need to be accustomed. Exercise 8E can then be used to consolidate their understanding and determine if any misconceptions remain after working through Worked Examples 8.31–8.33.
Chapter links
	Source
	Description

	External resources:
NRICH
	
Overarch 1: https://nrich.maths.org/5848 
Wobbler: https://nrich.maths.org/4754

	Links with other topics
	Section 1: Rewind to A Level Mathematics Student Book 1, Chapter 20
Section 2: Rewind to A Level Mathematics Student Book 2, Chapter 19
Section 4: Rewind to A Level Mathematics Student Book 2, Chapter 14
Section 5: Rewind to A Level Mathematics Student Book 2, Chapter 18





9 Moments and couples (p.235)
AQA specification references:  ME6
Chapter objectives 
· Calculate moments.
· Use couples to solve problems.
· Use vectors methods to solve moments problems.
· Model situations that can be solved using moments.
Teaching breakdown
	Chapter section
	Number of lessons

	1. Moments
	1

	2. An introduction to couples 
	1

	3. Vector methods 
	1

	4. Problem solving using moments and couples
	2



This chapter extends the work on moments first introduced in A Level Mathematics Student Book 2, Chapter 19 and used in A Level Further Mechanics, Chapter 8. In this chapter, the line of action of the forces are not acting perpendicularly and either perpendicular distance to the line of action of the force or the component of the force that acts perpendicularly will need to be found to calculate the moment.  
In addition, this chapter introduces the concept of a couple and extends the work on moments using vector notation. 
It may be helpful for students to study Section 1 of this chapter before completing the final section (Section 5) of Chapter 8 on Centre of mass.
Common misconceptions 
Before starting this chapter it will be useful for students to recap A Level Mathematics Student Book 2, Chapter 19 and how to calculate the cross product of two vectors. Students should also be clear about the differences between the resultant moment or force being zero and the stronger statement that the object is in equilibrium (which means the resultant moment and force is zero).
Students sometimes struggle with the idea that it is the perpendicular distance between the line of action of the force and the point at which the moment is taken about that matters. Students see a force acting at a point and don’t have the confidence to extend this force line to find the perpendicular distance they need to calculate. Exercise 9A questions 1 and 2 give practice at applying this idea.
Interchanging the ideas in Key Point 9.1 and Key Point 9.3 when calculating moments can also cause some confusion for students who are not confident resolvers. Using Exercise 9A question 9 as a class exercise may help them see why this is the case.


[bookmark: _GoBack]9 Moments and couples (cont…)
A couple is a new concept for this chapter, however students studying Physics may be familiar with the idea. In mechanics, the idea that the turning effect of a couple is independent of the point about which the turning takes places is fundamental and students may not feel comfortable with this fact straight away, given that it does matter which point you calculate moments about for an object where the resultant force acting is non-zero. This is not the same as the moment calculation being independent of the position vector chosen along the line of action of the force. Using the vector methods of Section 3 is a good way for students to determine this by reading Worked Example 9.11 and trying Exercise 9C questions 12 and 13.
The final section will allow students the opportunity to put into practice the skills learned in the previous sections. Worked Example 9.14 highlights the idea that one system of forces can be replaced by a force and a couple acting at a chosen point. This idea often confuses students as they will try to apply the idea that the turning effect of a couple is independent of the point about which the turning takes places, however in all these cases the resultant force is non-zero thus we must calculate the moment about the point we are given. Exercise 9D question 1 allows students to practise the single force idea and question 8 gives a more involved example involving a couple.
The ideas of this chapter can be used in conjunction with the idea of centre of mass to tackle questions like Mixed Exercise question 15 and the Underground Mathematics review questions identified below.
Chapter links
	Source
	Description

	External resources:
Underground Mathematics
	
Review questions: https://undergroundmathematics.org/calculus-of-powers/r7628 
https://undergroundmathematics.org/chain-rule/r8836 
https://undergroundmathematics.org/vector-geometry/r6670 

	Links with other topics
	Section 1: Rewind to Chapter 8




2	© Cambridge University Press 2017

image1.jpg




