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Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: VECTORS (1)

	General vectors
	Mv1
	Understand the language of vectors in two dimensions. 


	Scalar, vector, modulus, magnitude, direction, position vector, unit vector, cartesian components, equal vectors, parallel vectors, collinear.
	

Vectors printed in bold.
Unit vectors i, j,  
The magnitude of the vector a is written |a| or a
  
	

	
	v2
	Be able to add and subtract vectors using a diagram or algebraically, multiply a vector by a scalar, and express a vector as a combination of others.
	Geometrical interpretation. Includes general vectors not expressed in component form.
	
	

	
	v3
	Be able to calculate the magnitude and direction of a vector and convert between component form and magnitude-direction form.
	
	Magnitude-direction

	

	Position vectors
	v4
	Understand and use position vectors.
	Including interpreting components of a position vector as the cartesian coordinates of the point.


	
or b.


	

	
	v5
	Be able to calculate the distance between two points represented by position vectors.
	
	
	

	Using vectors
	v6
	Be able to use vectors to solve problems in pure mathematics and in context, including problems involving forces.
	Includes interpreting the sum of vectors representing forces as the resultant force.
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	PURE MATHEMATICS: VECTORS (2)

	General vectors
	Mv7
	Understand the language of vectors in three dimensions.


	Extend the work of Mv2 to Mv 6 to include vectors in three dimensions.
	

Unit vectors i, j, k, 
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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:

This is a very brief look at vectors, it should be noted that the work on the vector equation of a line, previously taught in Mathematics is now in the Further Mathematics course. The initial approach will be to introduce the basics of vector notation. Although this is only required in 2D at AS Level this is one of those topics that could easily be extended into the full A-Level without need for compromise. It is not a significant step to go from two components to three.
The magnitude and direction of a vector should be a reasonably natural extension from the work on Pythagoras and Right-Angled trigonometry taught at GCSE, and a quick recap of those basic skills would not go amiss at this point. 
Much of the basic operations work has now been covered at GCSE although this should never be taken for granted. A visual approach here is always a benefit and programs like Geogebra are invaluable in that respect. Trying to teach this topic purely theoretically often leads to misunderstandings of the processes involved.

The distinction between position vectors and direction vectors is a useful point to make here, although direction vectors are principally for lines and planes they have some application to Mechanics work. 

The distance between two points is a return to Pythagoras and this should be a relatively straightforward progression.

The last section will often be delivered at the relevant place in the course, for example, when teaching Kinematics, so the timing of this unit may need some consideration.


Common misconceptions or difficulties learners may have:

If the notation of i, j and k is not carefully explained then these tend to creep into the workings as being assumed to be an algebraic part of the process. It needs to be made clear that these express the direction of the vector, whilst the coefficient represents the magnitude of the vector in that direction.

Square numbers sometimes prove a small headache. Most modern calculators evaluate -22 as -4 and this leads to strange values for the magnitudes. The understanding of the difference between (-2)2 and -22 is crucial to ensuring that this topic remains clear and simple. This should have been done to death at KS3 and GCSE, but will still re-emerge at AS Level without warning.

Without a visual approach to this topic there is sometimes an assumption that two vectors, whilst being identical in values cannot be the same if they are not in the same place. 

Learners are sometimes confused about the distinction between position vectors and displacement vectors.





Conceptual links to other areas of the specification:

GCSE (9 – 1)

	Plane Vector Geometry: This provides a basic introduction to vectors.

	Pythagoras' Theorem: This has clear links to the magnitude of a vector and to the distance between points.

	Trigonometry in right-angled triangles: Provides the skills to be able to work out the direction of a vector.

GCE H630/640

	Straight lines: Although this topic does not progress as far as the vector equation of the line, the distance between two points is common to both topics. Also the direction of a line vector and the gradient of a line should be connected.

	Language of Kinematics: The comprehension of the difference between a vector and a scalar quantity only really makes sense if the understand the nature of a vector.

	Constant acceleration: In order to be able to extend the constant acceleration formulae to motion in two dimensions using vectors then the ability to carry out basic operations on vectors becomes rather essential.

	Non-uniform acceleration: Much the same applies as to the section above; understanding the role of i, j and k in vectors will prevent the learners getting in a mess when it comes to differentiation and integration.

	Gravity: As with the section on constant acceleration, projectile problems can be expressed and solved using vector notation.

			Forces and Newton's Laws.  All aspects of the work on forces can be treated either with or without vectors. Given that there is no resolving of forces at AS Level then vectors may play a significant role in the work in the first year of the course.
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Thinking Contextually

There is clearly the application to Mechanics – all forces are vectors.

Similarly, for most of the equations of motion, displacement, velocity and acceleration are all vectors; though this is not always made explicit when dealing with motion in a straight line.

The other major example of vectors in context is for relative motion. For example, the motion of an aeroplane and the wind are plotted as vectors and combined to give the true course of flight. This example goes beyond the scope of A level Mathematics.
Resources

	Title
	Organisation
	Description
	Ref

	Vectors
	MEI
	Commentary of the underlying mathematics, a sample resource, suggestions for the use of technology, links with other topics, common errors, opportunities for proof and questions to promote mathematical thinking.
	v1-v7

	Precalculus vectors
	Khan academy
	An American website that covers all the basics of vectors with online self-marked questions.
	v1-v7

	Introduction to Vectors
	Nrich
	A clear and concise introduction to vectors. It does what it says on the tin.
	v1-v7

	Position vectors in component form in 2D
	Geogebra	
	

Dynamic demonstration linking coordinates  with  
	v1

	Vectors
	Revision Maths
	A simple, clear and concise explanation of vectors.
	v1

	Vector Components
	Geogebra
	Dynamic demonstration of vector components.
	v1

	Vector squares
	Underground Maths
	In this problem, students are required to interpret and work with vector equations of a line in 2D, including finding points of intersection. The problem also encourages students to make connections with geometric representations and to begin to recognise features of perpendicular lines in vector form.
	v2

	Definition of vector addition
	Geogebra
	Dynamic demonstration of vector addition.
	v2

	Vector subtraction and bound vectors
	Geogebra
	Dynamic demonstration of vector subtraction.
	v2

	Triangle Law of Vector
	Geogebra
	Quick demonstration to show triangle of vectors.
	v2

	Vector Addition
	Geogebra
	Demonstration of the equivalence of using Parallelogram or Triangle methods to add vectors.
	v2

	Vector Walk
	Nrich
	A simple exercise that strengthens the application of vector addition, subtraction or scalar multiplication.
	v2

	Adding Vectors End to End, Step by step lesson
	Math Worksheets Land
	Worksheet notes for students to add annotations.
	v2

	Adding Vectors End to End, Guided Lesson
	Math Worksheets Land
	3 Questions for students to attempt. Solutions can be found http://www.mathworksheetsland.com/hsnumbersquan/20addvect/explain.pdf 
	v2

	Hit the spot
	Underground Maths
	Using this resource, students will have to convert between different representations of vectors and they will practise adding vectors in two dimensions. The task should help to reinforce the idea that a vector is unchanged by translating it in the plane and expose any confusion between vectors and positions.
	v2

	Magnitude and Direction of Vectors
	Geogebra	
	Quick challenge to determine vector with specific magnitude and direction.
	v3

	When are these vectors parallel/perpendicular/the same length?
	Underground Maths
	UCLES AO Level Additional Mathematics 2 QP 8175/2 1985 Q32(b).
	v3

	Vectors Round a Square
	Nrich
	Investigate the vectors needed to describe a journey around a square.
	v3

	If C is on this line, can we find the ratio AC:CB ?
	Underground Maths
	UCLES AO level Additional Mathematics 1, QP 8175/1, 1985, Q31
	v3

	In a 60km/h
wind, what bearing should this plane take?
	Underground Maths
	UCLES O level Additional Mathematics 1, QP 471/1, 1974, Q18
	v6

	Vectors Motion and Forces in 2 dimensions
	The Physics Classroom
	A use of vectors within Mechanics but seen from the Physics perspective but it does fit well with this course.
	v6

	If ABCDEFGH is a regular octagon, what do these vectors add to?
	Underground Maths
	UCLES O level Additional Mathematics 1, QP 471/1, 1977, Q30
	v6

	One windy day
	Underground Maths
	This task builds on the usual kind of projectile problem by adding in a constant acceleration in the horizontal direction. Students will thus have to handle constant acceleration in two dimensions, which leads naturally to parametric equations and curve sketching.

The situation being modelled is one that students should be able to visualise and the perhaps surprising results can readily be related back to the original context.
	v6

	Vektor 3D
	Geogebra
	Dynamic demonstration of 3 dimensional vectors.
	v7

	Vector Countdown
	Nrich
	3D vector version of popular Countdown game.
	v7
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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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