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Teacher Delivery Guide Mechanics: 3.02 Kinematics

	OCR
Ref.
	Subject Content
	Stage 1 learners should…

	Stage 2 learners additionally should…

	DfE Ref.

	3.02 Kinematics

	3.02a
	Language of kinematics
	a) Understand and be able to use the language of kinematics: position, displacement, distance, distance travelled, velocity, speed, acceleration, equation of motion.

Learners should understand the vector nature of displacement, velocity and acceleration and the scalar nature of distance travelled and speed.

	
	MQ1


	3.02b


3.02c
	Graphical representation
	b) Understand, use and interpret graphs in kinematics for motion in a straight line.

c) Be able to interpret displacement-time and velocity-time graphs, and in particular understand and be able to use the facts that the gradient of a displacement-time graph represents the velocity, the gradient of a velocity-time graph represents the acceleration, and the area between the graph and the time axis for a velocity-time graph represents the displacement.

	
	MQ2

	3.02d
3.02e
	Constant acceleration
	d) Understand, use and derive the formulae for constant acceleration for motion in a straight line:












Learners may be required to derive the constant acceleration formulae using a variety of techniques: 

1. by integration, e.g. ,
2. by using and interpreting appropriate graphs, e.g. velocity against time,



3. by substitution of one (given) formula into another (given) formula, e.g. substituting  into  to obtain .

	e) Be able to extend the constant acceleration formulae to motion in two dimensions using vectors:


 











Questions set involving vectors may involve either column vector notation, e.g.  or ,  notation, e.g. .


[The formula  is excluded.]
	MQ3


	3.02f
3.02g
	Non uniform acceleration
	f) Be able to use differentiation and integration with respect to time in one dimension to solve simple problems concerning the displacement, velocity and acceleration of a particle: 









 and 


	g) Be able to extend the application of differentiation and integration to two dimensions using vectors:












 and 



Questions set may involve either column vector or ,  notation.
	MQ4

	3.02h




3.02i













	Gravity
	 
	

h) Be able to model motion under gravity in a vertical plane using vectors where  or .

i) Be able to model the motion of a projectile as a particle moving with constant acceleration and understand the limitation of this model.

Includes being able to:
1. Use horizontal and vertical equations of motion to solve problems on the motion of projectiles.
2. Find the magnitude and direction of the velocity at a given time or position.
3. Find the range on a horizontal plane and the greatest height achieved.
4. Derive and use the cartesian equation of the trajectory of a projectile.

[Projectiles on an inclined plane and problems with resistive forces are excluded.]

	MQ5
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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:
Kinematics is the study of motion. GCSE (9–1) Mathematics has a greater emphasis on kinematics, and the majority of A level Mathematics learners will also have done some work on kinematics in GCSE (9–1) Science.
The physical world is full of moving objects, the use of practical demonstrations, experiments and simulations can help learners make the link between the algebraic formulae and real world experience. 
Learners should recognise the assumptions that are made when modelling real life using kinematics formulae, e.g. 
· Objects as particles
· Constant force of gravity
· Negligible air resistance
· Motion takes place in a straight line.

Common misconceptions or difficulties learners may have:
Learners often do not understand the difference between the scalar quantities of speed and distance and the vector quantities of velocity, displacement and acceleration. This can cause problems with interpreting information from words or diagrams.
Learners may confuse graphical representations of constant and non-constant acceleration. It is important to emphasise that the gradient of a velocity time graph shows acceleration (the rate of change of velocity). Algebraically, learners may be tempted to use the equations for constant acceleration motion when tackling problems where acceleration is not constant.
Learners should be encouraged to make an initial statement as to the positive direction, especially when working in the vertical direction. Mistakes with negative numbers are commonly seen when the positive direction is not consistently applied throughout a solution.
Learners occasionally confuse the axis in graphs representing projectile motion, taking the x axis as being time. 



Conceptual links to other areas of the specification:
A strong foundation in the four rules of arithmetic, algebraic manipulation and interpreting data from graphs, developed in GCSE Maths, is needed in order to start a course in mechanics. Progression into the stage 2 of the kinematics content will involve applying the rules for trigonometry in right angled triangles.

1.02		Confidence with indices, surds, linear equations, simultaneous equations and quadratic equations is important.

1.03		Parametric equations can be used in projectile problems.

1.07			Non-constant acceleration problems may involve differentiating displacement or velocity equations with respect to time 

1.08			Non-constant acceleration problems may involve integrating acceleration and velocity equations with respect to time. 

1.10		The AS may include questions using vector notation.

3.01 		Quantities and Units in Mechanics: care should be taken with the units used.

3.03			Dynamics problems often involve problems that link Kinematics with Forces and Newtonian’s three 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.

Past paper examples

2018 H230/02 	Q10: 	Connected particles problem with part (i) dealing with the forces, and part (ii) looking the subsequent journey of the free particle.
2018 H230/02 	Q11: 	Kinematics problem that includes the investigation of a variable acceleration model given an equation for displacement in terms of t.
2018 H240/03	Q  8: 	A Force vector problem investigating acceleration and position.
[bookmark: _GoBack]2018 H240/03	Q 11: 	A kinematics modelling problem with portions of the journey with non-uniform and uniform acceleration.




Resources
	Title
	Organisation
	Description
	Ref

	3.02 Kinematics Check In
	OCR
	Questions relating to section 3.02 of the new AS/A Level Maths specification.
	3.02

	Distance and Displacement
	The Physics Classroom
	Some notes and examples showing the difference between scalar distance and vector displacement.
	3.02a

	Speed and Velocity
	The Physics Classroom
	Some notes and examples showing the difference between scalar speed and vector velocity.
	3.02a

	constant acceleration and average speed
	Geogebra
	Simulation of car and scooter from traffic lights where the car accelerates from u=0 and the scooter has constant u=8m/s
	3.02b

	Velocity (s-t) Graphs
	Interactive Mathematics
	Some notes and example questions.
	3.02b and 3.02c

	Acceleration (v-t) Graphs
	Interactive Mathematics
	Some notes and example questions.
	3.02b and 3.02c

	Kinematics Exercises
	Interactive Mathematics
	Set of questions that encourage learners to draw kinematic graphs.
	3.02b and 3.02c

	Traffic
	Geogebra
	Set of twenty simulations of road situations and the associated kinematic graphs.
	3.02b and 3.02c

	Uniform Acceleration in One Dimension: Motion Graphs
	Geogebra
	Adjust the sliders or use the input boxes to set the initial position, initial velocity, and acceleration of the object and observe the resulting changes in the position vs. time, velocity vs. time and acceleration vs. time graphs.
	3.02b and 3.02c

	Constant Acceleration Plots
	Geogebra
	Sliders to change the initial position, initial velocity, and the constant acceleration with the sliders at the top and watch how the position-time and velocity-time plots change.
	3.02b and 3.02c

	The Kinematic Equations
	The Physics Classroom
	Some initial notes on the main four kinematic equations for constant acceleration for motion in a straight line.
	3.02d

	Kinematic Equations and Problem-Solving
	The Physics Classroom
	Some notes on applying the main four kinematic equations for constant acceleration for motion in a straight line to solve kinematic problems.
	3.02d

	Speedo
	Nrich
	Problem using the assumption of constant acceleration.
	3.02d

	Motion in two dimensions
	Boston University
	Notes on developing 1 dimensional kinematics into 2 dimensions.
	3.02e

	Uniform and Non Uniform Acceleration
	O Level Physics Notes
	Initial notes and graphical representations demonstrating the difference between uniform and non uniform acceleration.
	3.02f

	Dangerous Driver?
	Nrich
	A puzzle looking at the assumptions used in kinematics. The first example solution provided is accessible for A Level Maths.
	3.02f

	An experimental velocity-time graph
	Teaching Advanced Physics
	An example experiment to calculate instantaneous velocities along a track.
	3.02g

	Kinematic Equations and Free Fall
	The Physics Classroom
	Some notes on applying the main four kinematic equations for constant acceleration for motion in a straight line to solve kinematic problems in vertical direction under gravity.
	3.02h

	Measuring the acceleration of freefall
	Teaching Advanced Physics
	
An example experiment to determine  
	3.02h

	Cannon Balls
	Nrich
	Calculate the initial velocity required for a cannon ball fired vertically upwards to remain in the air a fixed number of seconds.
	3.02h

	5 Projectiles
	CIMT
	Set of notes, examples and questions covering the assumptions and application of kinematics in projectile motion.
	3.02i

	Projectile Motion
	Geogebra
	Interactive projectile demonstration.
	3.02i

	Interactive Diagram (x-t)
	Geogebra
	Interactive projectile demonstration (notes in Russian, but graph and variables clear).
	3.02i
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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 2020 - 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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