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Specification
	Ref.
	Learning outcomes 
	Notes
	Notation
	Exclusions

	MECHANICS: FORCES (1)

	Identifying and representing forces
	MF1
	Understand the language relating to forces.  
	Weight, tension, thrust or compression, normal reaction (or normal contact force), frictional force, resistance, driving force.
Understand that the value of the normal reaction depends on the other forces acting.
Understand that there may be frictional force when the surface is not smooth (i.e. is rough).
	
	

	
	F2
	Know that the acceleration due to gravity is not a universal constant but depends on location in the universe.  Know that on earth, the acceleration due to gravity is often modelled to be a constant, g m s–2.
	g ≈10, g ≈ 9.8
Unless otherwise specified, in examinations the value of g should be taken to be 9.8.
	Acceleration due to gravity, g m s–2.
	Inverse square law for gravitation.

	
	F3
	Be able to identify the forces acting on a system and represent them in a force diagram.  Understand the difference between external and internal forces and be able to identify the forces acting on part of the system.
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	MECHANICS: FORCES (1)

	Vector treatment of forces
	MF4
	Be able to find the resultant of several concurrent forces when the forces are parallel or in two perpendicular directions or in simple cases of forces given as 2-D vectors in component form.
	
	
	

	
	F5
	Understand the concept of equilibrium and know that a particle is in equilibrium if and only if the vector sum of the forces acting on it is zero in the cases where the forces are parallel or in two perpendicular directions or in simple cases of forces given as 2-D vectors in component form.
	
	
	

	Acceleration due to gravity

	The acceleration due to gravity (g m s–2) varies on earth between 9.76 and 9.83.  It depends on latitude and height above sea level.  The standard acceleration due to gravity is internationally agreed to be 9.80665; this value is stored in some calculators.

	MECHANICS: FORCES (2)

	Vector treatment of forces
	F6
	Be able to resolve a force into components and be able to select suitable directions for resolution.  Be able to find the resultant of several concurrent forces by resolving and adding components.
	e.g. Horizontally and vertically, or parallel and perpendicular to an inclined plane.
	
	

	
	F7
	Know that a particle is in equilibrium if and only if the resultant of the forces acting on it is zero.  Know that a body is in equilibrium under a set of concurrent forces if and only if their resultant is zero.
	
	
	

	
	F8
	Know that vectors representing a set of forces in equilibrium sum to zero.  Know that a closed figure may be drawn to represent the addition of the forces on an object in equilibrium.
	
	
	

	
	F9
	Be able to formulate and solve equations for a particle in equilibrium: by resolving forces in suitable directions; by drawing and using a polygon of forces.
	For example, a triangle of forces.
	
	Non-coplanar forces
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	MECHANICS: FORCES (2)

	Frictional force and normal contact force
	MF10
	Understand that the overall contact force between surfaces may be expressed in terms of a frictional force and a normal contact force and be able to draw an appropriate force diagram.
Understand that the normal contact force cannot be negative.
	Understand the following modelling assumptions.
· Smooth is used to mean that friction may be ignored.
· Rough indicates that friction must be taken into account.
	Normal reaction.
	

	
	F11
	

Understand that the frictional force may be modelled by  and that friction acts in the direction to oppose sliding.  Model friction using  when sliding occurs.
	
	Coefficient of  
friction = μ 
Limiting friction
static equilibrium
	The term angle of friction.

	
	F12
	Be able to apply Newton's Laws to problems involving friction.
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	MECHANICS: NEWTON’S LAWS OF MOTION (1)

	Newton’s laws for a particle
	Mn1
	Know and understand the meaning of Newton's three laws.
	Includes applying the laws to problems.
	
	

	
	n2
	Understand the term equation of motion.
	
	
	

	
	n3
	Be able to formulate the equation of motion for a particle moving in a straight line when the forces acting are parallel or in two perpendicular directions or in simple cases of forces given as 2-D vectors in component form. 
	Including motion under gravity. 
	
 where F is the resultant force.


 where   is the resultant force.
	Variable mass.

	Connected particles
	n4
	Be able to model a system as a set of connected particles.
	e.g. simple smooth pulley systems, trains. 
Internal and external forces for the system.
	
	

	
	n5
	Be able to formulate the equations of motion for the individual particles within the system.
	
	
	

	
	n6
	Know that a system in which none of its components have any relative motion may be modelled as a single particle with the mass of the system.
	e.g. Train.
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	MECHANICS: NEWTON’S LAWS OF MOTION (2)

	Newton’s laws for a particle
	Mn7
	Be able to formulate the equation of motion for a particle moving in a straight line or in a plane.
	Including motion under gravity.  
	
 where F is the resultant force.

 where F is the resultant force.
	Variable mass.

	Newton’s laws of motion

	I           An object continues in a state of rest or uniform motion in a straight line unless it is acted on by a resultant force.
II          A resultant force F acting on an object of fixed mass m gives the object an acceleration a given by F = ma.
III        When one object exerts a force on another, there is always a reaction which is equal in magnitude and opposite in direction to the acting force.
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DISCLAIMER
This resource was designed using the most up to date information from the specification at the time it was published. Specifications are updated over time, which means there may be contradictions between the resource and the specification, therefore please use the information on the latest specification at all times. If you do notice a discrepancy please contact us on the following email address: resources.feedback@ocr.org.uk
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Thinking Conceptually
General approaches
With the introduction of compulsory mechanics, there will be a small contingent of learners concerned that their lack of confidence with GCSE Physics will hinder their progress in this strand of mathematics. Learners should be reassured that the mechanics in the A Level Mathematics course builds upon GCSE (9-1) Mathematics and is not reliant on content in GCSE (9-1) science courses.
Learners should be encouraged to relate this work on Forces and Newton’s laws of motion to their own experiences. The use of practical experiments will help reinforce concepts. Where this is not possible, virtual simulations using software such as Geogebra can be useful. 
There is a risk that learners will substitute values into formulas with no reference to the context of the problem. The use of free-body diagrams, with clear differentiation between the forces, velocities and acceleration, and their associated directions, help maintain the link between the problem and the algebra. Learners should be encouraged to refer answers back to the original context of the question and think about whether their answer makes sense. 



Common misconceptions or difficulties learners may have
One of the most pervasive misconceptions that learners have when they start a mechanics course is the idea that the continuous application of a force is needed to maintain motion. For example learners will often assume that the object is stationary given the following free-body diagram.

 





However the object could be moving vertically, horizontally, or even at an angle. The diagram shows that the forces are in equilibrium and so there is no acceleration. Newton’s first law of motion states that if the object is at rest then it will remain at rest, but if it is moving with constant velocity then it will continue to move at that velocity. Forces do not cause motion, forces cause acceleration.
Linked to this first misconception is the idea that a moving object will eventually come to a stop. This is experienced in practice due to friction, the force acting between bodies that are in contact. The use of videos taken in space can be useful to emphasis this.


The difference between mass and weight can be problematic, learners need to remember that mass  is a fundamental property of an object, but weight is the force acting on the object due to gravity .


The misconception that heavy objects fall faster than lighter objects was disproved by Galileo but simultaneously dropping a brick and a feather suggests that objects with different mass will fall at different rates. However the issue is not mass, but air resistance. The mechanics model used in A Level Maths assumes air resistance is negligible; however learners need to be aware that this assumption has been made. In actual fact air resistance is proportional to the area of the object in the direction of motion, if other factors are equal. A quick demonstration of this is to take two sheets of A4 paper, crush the first sheet into a ball whilst leaving the second sheet flat, and then note the different results when dropping both together.
The vector nature of forces, velocity and acceleration can cause problems with the direction, and hence sign, associated with the numerical value. Learners should be encouraged to define their positive direction at the start of their solution. Negative answers should then be referred back to the original decision and the context of the problem.
A clear understanding of the vocabulary used in mechanics will help with answering questions discussing the validity of modelling assumptions.

Conceptual links to other areas of the specification:
· Algebra: A strong foundation of algebraic manipulation, use of indices and surds, and confidence solving simultaneous and quadratic equations and inequalities will be needed.
· Trigonometry: Resolving vector quantities at A level will need a confidence in using trigonometry ratios. Problems may involve solving trigonometry equations.
· Vectors: Problems, especially for AS/stage 1 A level, will make use of vector notation. An understanding of magnitude and direction when working with vector quantities is important.
· Dynamics problems often involve problems that link Kinematics with Forces and Newtonian’s Laws.
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Thinking Contextually


Learners need to see the relevance of their learning to real life events; they often struggle to understand the concepts in mathematics unless they can see the relevance. 
The very nature of mechanics is contextual and many different areas can be used to enhance learners’ understanding. These can be as basic as collection of data through experiments in the classroom that they can then interpret, through to more complex examples that can be simulated using ICT.
Learners will be more successful if they can see how the concepts can be used outside of the classroom. If scenarios are chosen that are meaningful to the learners will help to maintain their interest and motivation. This will also help learners to focus on the mathematics and lead to independent thinking and greater retention of the skills.

Resources

	Title
	Organisation
	Description
	Ref

	Forces and Newton's laws of motion (AS)
	MEI
	A commentary of the underlying mathematics, a sample resource, a use of technology, links with other topics, common errors, opportunities for proof and questions to promote mathematical thinking.
	F1-F5,
n1-n6

	Forces and motion
	MEI
	A commentary of the underlying mathematics, a sample resource, a use of technology, links with other topics, common errors, opportunities for proof and questions to promote mathematical thinking.
	F1-F16,
n1-n7

	Force Diagrams
	Mathcentre
	Useful set of notes on interpreting real life situations as mechanics models using force diagrams.
	F1-F16,
n1-n7

	What is Newton’s first law
	Khan Academy
	Notes and video.
	F1, F3 and n1

	How strong is gravity on other planets?
	Phys Org
	Interesting article on why g is different on different planets. Goes beyond A Level Maths and into Physics but makes learners aware that 9.8 is not a constant.
	F2

	The Value of g
	The Physics Classroom
	Interesting article on the variability of g on Earth. Goes beyond A Level Maths and into Physics but makes learners aware that 9.8 is not a constant.
	F2

	Weight Force Model
	Geogebra
	Demonstration of equilibrium.
	F2, F6, F7, F8 and F9

	Motion due to gravity
	Mathcentre
	Notes, examples and exercise questions.
	F2, n3

	Three forces in equilibrium
	Geogebra
	Change masses to demonstrate equilibrium of 3 connected forces.
	F5

	Parallel forces acting together
	Mathcentre
	Notes, examples and exercise questions.
	F6

	Force as a vector
	Mathcentre
	Introduction notes on the nature of a Force and goes into resolving forces using trigonometry.
	F6, F7, F8 and F9

	What is normal force?
	Khan Academy
	Notes and examples.
	F10, F11 and F12

	Friction
	Mathcentre
	Introduction notes, examples and exercise questions on modelling a particle on a rough horizontal plane.
	F11 and F12

	Forces acting at an angle (with friction)
	Mathcentre
	Notes, examples and exercise questions.
	F11 and F12

	Newton’s First Law applied to rocket liftoff
	NASA
	Notes linking 1st and 3rd law.
	n1

	Newton’s Second Law
	NASA
	Notes linking F= ma with calculus.
	n1

	Newton’s third law of motion
	Mathcentre
	Notes, examples and exercise questions.
	n1

	Simplified Aircraft Motion
	NASA
	Example of F=ma in terms of acceleration of aircraft.
	n1, n2 and n3

	Newton's second law as a vector equation
	PhysicsHelp
	Video notes on using F=ma in 2D vector notation.
	n1, n2 and n3

	Equilibrium of a particle
	Mathcentre
	Notes, examples and exercise questions.
	n4

	Physics - Mechanics: Applications of Newton's Second Law (3 of 20)
	Michel van Biezen
	Video demonstration of system of two particles, connected by a light inextensible string passing over a light pulley placed at the top of an inclined plane.
	n4

	Newton’s 2nd Law in 2D
	Geogebra
	Use sliders to vary mass, force, angle of slope and either T or a.
	n7

	Forces acting at an angle: Resolving Forces
	Mathcentre
	Notes, examples and exercise questions
	n7

	Newton's Second Law Problem Using Forces at Angles (Vectors)
	PhysicsEH
	Video notes on using F= ma in 2D using trig and Pythagoras to resolve forces.
	n7
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OCR Resources: the small print
OCR’s resources are provided to support the delivery of OCR qualifications, but in no way constitute an endorsed teaching method that is required by the Board, and the decision to use them lies with the individual teacher. Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or omissions within these resources. 
© OCR 2017 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this work.
OCR acknowledges the use of the following content: n/a
Please get in touch if you want to discuss the accessibility of resources we offer to support delivery of our qualifications: resources.feedback@ocr.org.uk
We’d like to know your view on the resources we produce. By clicking on ‘Like’ or ‘Dislike’ you can help us to ensure that our resources work for you. When the email template pops up please add additional comments if you wish and then just click ‘Send’. Thank you.
Whether you already offer OCR qualifications, are new to OCR, or are considering switching from your current provider/awarding organisation, you can request more information by completing the Expression of Interest form which can be found here: www.ocr.org.uk/expression-of-interest
Looking for a resource? There is now a quick and easy search tool to help find free resources for your qualification: 
www.ocr.org.uk/i-want-to/find-resources/
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