Teacher Delivery Guide Core Pure: Vectors and 3-D Space

	

Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	CORE PURE: VECTORS AND 3-D SPACE (a)

	Scalar products and the equations of planes
	Pv1
	Know how to calculate the scalar product of two vectors, and be able to use the two forms of the scalar product to find the angle between two vectors.
	Including test for perpendicular vectors.

	

	Proof of equivalence of two forms in general case.

	
	v2
	Be able to form and use the vector and cartesian equations of a plane. Convert between vector and cartesian forms for the equation of a plane.
	


Plane: 
where .
	
	
The form 

	
	v3
	Know that a vector which is perpendicular to a plane is perpendicular to any vector in the plane.
	If a vector is perpendicular to two non-parallel vectors in a plane, it is perpendicular to the plane.
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	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	CORE PURE: VECTORS AND 3-D SPACE (a)

	Intersection of planes
	v4
	Know the different ways in which three distinct planes can be arranged in 3-D space. 
	If two planes are parallel the third can be parallel or cut the other two in parallel lines; if no pair is parallel the planes can intersect in a point, form a sheaf or form a prismatic intersection.
	A sheaf is where three planes share a common line. A prismatic intersection is where each pair of planes meets in a line; the three lines are parallel.
	

	
	v5
	Be able to solve three linear simultaneous equations in three variables by use of the inverse of the corresponding matrix.
Interpret the solution or failure of solution geometrically in terms of the arrangement of three planes.
Be able to find the intersection of three planes when they meet in a point.
	Inverse obtained using a calculator.
If the corresponding matrix is singular, learners should know the possible arrangements of the planes; they will be given extra information or guidance if required to distinguish between these arrangements.
	
	Finding equation of lines of intersection of two planes.

	
	v6
	Know that the angle between two planes can be found by considering the angle between their normals.
	The angle between two non-perpendicular planes is the acute angle between them.
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	Notation
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	CORE PURE: VECTORS AND 3-D SPACE (b)

	Vector product
	Pv7
	Be able to use the vector product in component form to give a vector perpendicular to two given vectors.
	Vectors with numerical components only.
When a vector perpendicular to two others is required learners should indicate that they are using the vector product but no further working need be shown. Formula will be given; a calculator may be used.


	
 
	

	Vector products 
	v8
	
Be able to use the alternative form for the vector product. Know the significance of .
	

 where , in that order, form a right-handed triple.
Formula will be given.
	
The vectors , in that order, form a right-handed triple.
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	CORE PURE: VECTORS AND 3-D SPACE (b)

	Lines
	v9
	Be able to form and use the equation of a line in 3-D.
	In vector and cartesian form.
Direction vector.
	

Line: 

	

	
	v10
	Be able to calculate the angle between two lines.
	The angle between two non-perpendicular lines (which may be skew) is the acute angle between their direction vectors.
	
	

	
	v11
	Know the different ways in which two lines can intersect or not in 3-D space.
	Two lines intersect at a point or are parallel or skew.
	
	

	
	v12
	Be able to determine whether two lines in three dimensions are parallel, skew or intersect, and to find the point of intersection if there is one.
	
	
	

	
	v13
	Be able to find the distance between two parallel lines and the shortest distance between two skew lines.
	Formula for skew lines will be given, but questions may expect understanding of the underlying principles.
	
	Proof of formula.
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	CORE PURE: VECTORS AND 3-D SPACE (b)

	Points, lines and planes
	Pv14
	Be able to find the intersection of a line and a plane.
	
	
	

	
	v15
	Be able to calculate the angle between a line and a plane.
	If they are not perpendicular, the angle between a line and a plane is the acute angle between the line and its orthogonal projection onto the plane.
	
	The language ‘orthogonal projection’ is not expected.

	
	v16
	Be able to find the distance from a point to a line in 2 or 3 dimensions.
	The distance between a point and a line means the shortest distance between them.
Formula will be given in 2-D case, but questions may expect understanding of the underlying principles.
	
	Proof of formula.

	
	v17
	Be able to find the distance from a point to a plane.
	The distance between a point and a plane means the shortest distance between them.
Formula will be given, but questions may expect understanding of the underlying principles.
	
	Proof of formula.
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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 section builds off the work done on matrices earlier, and it may well be worth recapping this work briefly before introducing new concepts and/or making connections with the matrices work. It is probably a good idea to introduce the scalar and vector products at the point when they are needed, but it is worth looking at their properties as a whole, rather than just defining them and using them ad hoc. 
In common with other topics looking at geometric elements, it will be useful for students to have access to some high-quality diagrams. These could be either provided on a digital projector, or as a handout to which students can refer as they are working on different topics. The use of technology such as Geogebra or Desmos to visualise can be very useful.

Common misconceptions or difficulties learners may have
It is very easy and common for students to confuse the vector product with simple multiplication, so that they try to compute it component-wise, similar to adding and subtracting vectors. The anti-commutative nature of the vector product can also confuse students; although this aspect is not part of the content of the Pure Core it is a property many will come across simply by experimentation; their calculator may well calculate vector products. Students can make the assumption that ‘multiplication’ is still commutative as the symbol is familiar
Students may also not realise that in 3-D there is the ‘skew’ orientation of lines – not parallel but not intersecting. This shows that we cannot just treat 3-D as a simple extension of the work done in 2-D earlier. Again visualisation of this using technology or physical manipulatives is a good idea.

Conceptual links to other areas of the specification 

Vectors are introduced in A-level Mathematics, and students should recall the basic language for vectors from there. Distances between points are looked at there, and this can be drawn on when looking at other distance calculations.
Vectors are used in the mechanics option (if this option is studied by students).



[image: ]
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Thinking Contextually

Scalar products are used in mechanics to calculate work done by a force.
The vector product has a number of uses in more advanced mathematics. It can be used to calculate the distance between two skew lines and is used like this in calculating with computer graphics, for example when representing 3-D objects and wishing to know if they collide.
It is also used in applied mathematics to calculate angular momentum and torque and appears in the mathematics used by Maxwell to describe electromagnetic radiation, as it is used to define the vector operator curl.






Resources

	Title
	Organisation
	Description
	Ref

	The Scalar Product
	MathCentre
	Notes and questions on the scalar product.
	v1

	Angle between two lines
	Mario’s Math Tutoring
	3-minute video on finding the angle between lines using the scalar product.
	v1, v2, v3

	Dot Product Investigation
	Desmos
	An interactive activity looking at the scalar product.
	v1, v2, v3

	Angle between a line and a plane
	Swinburne Commons
	6 minute video on finding the angle between and line and a plane using the scalar product.
	v1, v2, v3

	Equation of a Straight Line
	Cut the Knot
	Notes on various different ways of writing the equation of a line, together with an app that will show the equivalence of forms for particular lines.
	v2

	y=mx+c
	Sasmallmath
	13-minute video on the Cartesian equation of a straight line.
	v2

	Vector equation of a straight line
	Jon Shiach
	5-minute video on vector equation of a straight line.
	v2

	Equations of Planes
	Lamar University
	Notes on Cartesian and vector equations of planes, with some good diagrams included.
	v2

	The Equation of a Plane
	AlRichards314
	A 21-minute video on Cartesian and vector equations of planes.
	v2

	Vector Equation of a Plane
	OnlineMathsClass
	A 12-minute video, looking specifically at vector equations of planes.
	v2

	Lines and Planes
	Oregon State University
	Notes and examples on equations of lines and planes.
	v2

	The Vector Product
	MathCentre
	Notes and questions on the vector product.
	v8

	Multiplication of Vectors
	NRICH
	An introduction to Vector and Scalar Products.
	v8

	Intersection of lines in 3-D
	Swinburne Commons
	13-minute video on finding the point of intersection of two lines.
	v9, v10, v11, v12 and v13

	Skew, Parallel or Coincident?
	patrickJMT
	5-minute video on determining the relations between a pair of lines.
	v9, v10, v11, v12 and v13

	Intersecting and Skew Lines
	Exam Solutions
	13-minute video looking at lines in 3-D and some exam questions.
	v12 and v13

	Distance between 2 Lines
	Graeme McRae
	Notes and examples on how to calculate the distance between lines.
	v13

	Shortest Distance Between To Skew Lines in 3D Space
	DLBmaths
	12-minute video on calculating the shortest distance.
	v13

	Distance from a point to a line
	DLBmaths
	An 18-minute video looking at calculating the distance from a point to a line using three different methods.
	v13

	Distance
	Brilliant
	Notes and examples on all distances – between lines and between a point and a line. Some useful diagrams to help illustrate teaching points.
	v13

	Intersections of Lines and Planes
	iSurfer
	Online notes and examples on the intersection of lines and planes.
	v14

	Distance from a point to a plane
	DLBmaths
	12-minute video looking at how to calculate this distance and giving examples.
	v17
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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 2018 - 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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