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	Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: COORDINATE GEOMETRY (1)

	The coordinate geometry of straight lines
	*
	
Understand and use the equation .
	
	
	

	
	Mg1
	Know and be able to use the relationship between the gradients of parallel lines and perpendicular lines.
	

For parallel lines .
For perpendicular lines .
	
	

	
	g2
	Be able to calculate the distance between two points.
	
	
	

	
	g3
	Be able to find the coordinates of the midpoint of a line segment joining two points.
	

	
	

	
	g4
	Be able to form the equation of a straight line.
	

Including  and 
	
	

	
	g5
	Be able to draw a line given its equation.
	By using gradient and intercept or intercepts with axes as well as by plotting points.
	
	

	
	g6
	Be able to find the point of intersection of two lines.
	By solution of simultaneous equations.
	
	

	
	g7
	Be able to use straight line models.
	In a variety of contexts; includes considering the assumptions that lead to a straight line model.
	
	

	Equations of straight lines

	



Many learners taking A level Mathematics will be familiar with the equation of a straight line in the form . Their understanding at A level should extend to different forms of the equation of a straight line including , and .

	Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: COORDINATE GEOMETRY (1)

	The coordinate geometry of curves
	Mg8
	Be able to find the point(s) of intersection of a line and a curve or of two curves.
	
	
	

	
	g9
	Be able to find the point(s) of intersection of a line and a circle.
	
	
	

	
	g10
	
Understand and use the equation of a circle in the form  .
	Includes completing the square to find the centre and radius.
	
	

	
	g11
	Know and be able to use the following properties:
· the angle in a semicircle is a right angle;
·  the perpendicular from the centre of a circle to a chord bisects the chord;
·  the radius of a circle at a given point on its circumference is perpendicular to the tangent to the circle at that point.
	These results may be used in the context of coordinate geometry.


	
	










	Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: COORDINATE GEOMETRY (2)

	Parametric equations
	g12
	Understand the meaning of the terms parameter and parametric equations.
	
	
	

	
	g13
	Be able to convert between cartesian and parametric forms of equations.
	When converting from cartesian to parametric form, guidance will be given as to the choice of parameter.
	
	

	
	g14
	Understand and use the equation of a circle written in parametric form.
	
	
	

	
	g15
	Be able to find the gradient of a curve defined in terms of a parameter by differentiation.


	

	
	Second and higher derivatives

	
	g16
	Be able to use parametric equations in modelling.
	Contexts include kinematics and projectiles in mechanics.  Including modelling with a parameter with a restricted domain.
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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
Prior to working with the subject content of this section of the specification, it is essential that learners should be able to confidently use the four rules of number including the priority of operations, signed numbers, rounding, algebra including substitution, bracket expansion, simplification of terms and factorisation. They will use simultaneous equations in this topic. It would also be beneficial if learners have a good understanding of Pythagoras Theorem as it is connected to the equation of a circle. At A level, it is also essential that learners have some understanding of functions, products, factors, index notation, reciprocals and trigonometry.
Learners’ understanding should be deepened by a hands-on approach to this subject as they tend to struggle with the algebra involved. 
Common misconceptions or difficulties learners may have
A commonly held misconception is that gradients are always positive.



Some learners may confuse the  and  direction when calculating gradients.





Some learners use the  intercept instead of the  intercept as the value of  , when using the formula  



Another misconception occurs when the  intercept is 0 as learners think that the line never crosses the  axis. 


There are many misconceptions concerning negative numbers, for example some learners wrongly think that two negatives always make a positive when adding / subtracting negative numbers. When calculating gradients, this leads to errors when trying to do a calculation such as  .
Also learners struggle and often get mixed up with the gradient of horizontal and vertical lines. 

Learners often believe that several points are needed to define a straight line whereas just two points uniquely define a straight line, based upon the advice to plot more than two when drawing straight line graphs in GCSE Maths classes and in science.



The relationship between gradient and rate of change may not have been recognised in earlier graph work. Learners need to see that gradient is the rate of change of in relation to

Vertical and horizontal lines are easily recognised as such, and quickly perceived as perpendicular to one another. However, learners may struggle to recognise perpendicular lines if oriented differently as they are not so easily perceived as right angles.


Learners may struggle with calculating the gradient of a perpendicular line. If the gradient of a line is 2, often they think the gradient of the perpendicular line is -2, instead of   .




Completing the square to find the centre and radius of a circle require learners to have a high level of skills in algebra. A common error in completing the square is that some learners fail to divide the coefficient of  if it is greater or less than 1.

Many learners struggle with solving problems in coordinate geometry using the circle properties. Learners must be able to recognise the close, integral relationship between algebra and geometry and be able to use this interconnectedness to solve mathematical problems.

Learners struggle with the algebra involved with parametric equations. As the foundation of algebra is basic arithmetic, many misconceptions in algebra are found to be rooted in misconceptions in arithmetic.

Conceptual links to other areas of the specification 

· Equations of a straight line 




Many learners taking A level Mathematics will be familiar with the equation of a straight line in the form  . Their understanding at A level should extend to different forms of the equation of a straight line including  ,  and .

· Indices 
Learners need a good understanding of the laws of indices when completing the square and working with parametric equations.

· Simultaneous Equations
Learners solve parametric equations simultaneously. Also straight lines can be used to solve simultaneous equations.

· Quadratic Functions
Learners need to be able to complete the square to solve quadratic functions.

· Inequalities 
Learners need to be able to solve linear inequalities graphically.

· Polynomials 
Learners need to have a good understanding of polynomials to be able to manipulate polynomials algebraically.

· Functions
Learners need to understand and be able to work with functions.

· Trigonometry
Learners need to be able to use sine, cosine and tangent as they are often used in parametric equations.

· Differentiation



Learners need to understand that denotes the rate of change of  with respect to  

· Graphs
Learners need to have a good understanding of graphs to be able to draw straight line graphs and parametric curves.

· Kinematics
Parametric equations are commonly used in kinematics, where a trajectory of an object is represented by equations depending on time as the parameter.



Thinking Contextually

Many learners fail to make connections between what they are learning and how that knowledge will be used. They struggle to understand the concepts in mathematics unless they can see the relevance to their everyday lives. 

Learners will be more successful if they investigate mathematics through real life scenarios as they can see how these concepts are actually used outside of the classroom. They will then be able to discover the meaningful relationship between abstract ideas and practical applications in the real world. This in turn, will lead to greater motivation, enjoyment through discovery, improved confidence, independent thinking and better retention of skills.

The use of graphing software will enable learners to investigate multiple graphs quickly, without time consuming manual plotting of points. Graphing software will also allow learners to see how changing parameters such as gradient of a line or centre of a circle affects the appearance of the graph
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Resources

	Title
	Organisation
	Description
	Ref

	Coordinate geometry (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.
	g1, g2, g3, g4, g5, g6, g7, g8, g9, g10 and g11

	Lots of lines!
	Underground Maths
	Contains some alternate suggestions for using resources from the standards unit.
	g1

	A10 Connecting perpendicular lines
	DfES
	Resources produced in response to the Smith Report by the Department for Education and Skills. using ‘active learning’ strategies.
	g1

	Parallel and Perpendicular Lines
	Maths Aids
	This interactive resource offers learners the opportunity to practice their understanding of parallel and perpendicular lines to help address some misconceptions. The level of difficulty is selected and then the learners are presented with a number of worksheets on parallel and perpendicular lines.
	g1

	Equation of a Straight Line Introduction
	Sasmallmath
	This video resource demonstrates how to use the equation of a straight line and includes parallel and perpendicular lines.
	g1

	The equations of parallel and perpendicular lines
	Geogebra
	

Geogebra demonstration of relationship between parallel and perpendicular lines using sliders for  and .
	g1

	Parallel Lines
	Interactive Mathematics
	This interactive resource introduces learners to parallel lines.
	g1

	Straight Line Graphs (Parallel)
	Hegarty Maths
	This excellent video resource demonstrates how to use gradient conditions for two straight lines to be parallel.
	g1

	Perpendicular Lines
	Interactive Mathematics
	This interactive resource introduces learners to perpendicular lines. 
	g1

	Straight Line Graphs (Perpendicular 1)
	Hegarty Maths
	This excellent video resource demonstrates how to use gradient conditions for two straight lines to be perpendicular.
	g1

	Straight Line Graphs (Perpendicular 2)
	Hegarty Maths
	This excellent video resource demonstrates how to use gradient conditions for two straight lines to be perpendicular.
	g1

	Coordinate Geometry
	Revision Maths
	This concise resource covers the distance between two points, the midpoint of a line joining two points, gradient of a line, parallel and perpendicular lines and the equation of a line.
	g1, g2, g3, g4 and g5

	Parallel and perpendicular
	Geogebra
	Set of Geogebra demonstrations on the coordinate geometry of straight lines.
	g1, g4 and g5

	Straight Line Graphs
	CIMT
	
This interactive resource offers learners the opportunity to practice their understanding of the equation of a straight line to help address some misconceptions. Learners are asked to calculate gradients, find the equation of a straight line from a graph, draw straight line graphs and use the formula . The resource includes examples with solutions and twelve questions to complete.
	g4

	Straight Line Investigation
	Great Maths Teaching Ideas
	This simple resource helps address some misconceptions by offering learners the opportunity to practice their understanding of straight lines by finding points on the lines and plotting them.
	g4

	Intersection between 2 straight lines
	Geogebra
	

Geogebra demonstration of the intersection of two straight lines using sliders to change values for  and  for each equation.
	g6

	Graphs of Linear Equations Using Intercepts
	vg1220
	This excellent video resource demonstrates how to draw a straight line using the intercept method.
	g6

	Real- Life Straight Line Graphs Game
	TES
	This is an activity where learners are required to match a description of something in the real world, with a straight line graph. Learners can then match up the appropriate equation for the line. The resource is free but a login is required.
	g7

	Real Straight Line Graphs
	Maths 4 Real
	This excellent video resource demonstrates how straight-line graphs are used to compare the price difference of two mobile phone deals.
	g7

	Straight Line Graphs
	Inside Maths
	This excellent video resource looks at how straight line graphs are used in the real world to compare two mobile phone deals.
	g7

	Coordinate Geometry
	Slide Share
	This resource consists of 41 slides and covers the equation of a straight line, parallel lines and perpendicular lines. Links are made to geometric properties and questions include finding areas of polygons defined by the equations for the edges.
	g7

	Rates of Change
	Hotmath
	This concise resource introduces learners to rates of change and gives an example using a distance time graph.
	g7

	Modelling a Straight Line
	Kadas Learning
	This video resource demonstrates how to transform a real life situation into a straight line model.
	g7

	Straight Lines in Context
	Priscilla Allan
	This video explores how straight lines are used in the context of three train journeys.
	g7

	Depreciation - The Straight Line Method
	nadiasuchen
	This video resource demonstrates how straight lines are used in financial accounting.
	g7

	Intersection of Parabolas and straight lines
	Geogebra
	Geogebra demonstration using sliders to investigate simultaneous solutions.
	g8

	The Circle
	BBC
	This concise resource offers learners the opportunity to practice their understanding of the equation of a circle.
	g10

	The Center-Radius Form for a Circle – A few Basic Questions, Example 1
	Patrick
	This short video resource offers learners the opportunity to practice their understanding of the equation of a circle.
	g10

	Teddy bear
	Underground Maths
	This is a low-threshold, high-ceiling activity where learners are “simply” invited to match some circles on a graph with their equations. The circles are drawn to scale, but the axes are not labelled. The resource can be used to consolidate learning shortly after the Cartesian equations of circles are introduced, or as a revision task.
	g10

	Finding circles
	Underground Maths
	This resource encourages learners to consider how many points are required to define a circle. They will work with the graphical and algebraic representations of circles.
	g10

	Circles Worksheet
	West Ada School District
	This resource offers learners the opportunity to practice drawing circles given their equations and form equations given the centre and radius of the circle. It also provides the opportunity to practice completing the square to find the centre and radius of a circle.
	g10

	Features of a Circle from its Expanded Equation
	Khan Academy
	This excellent interactive resource offers learners the opportunity to practice completing the square to find the centre and radius of a circle.
	g10

	Celebrity Misconceptions: Completing the Square
	Goalbook Pathways
	This resource helps to address the misconceptions in completing the square.
	g10

	The Circle
	Interactive Maths
	This excellent interactive resource introduces learners to circle formulae. It includes worked examples.
	g10

	Equation of a circle
	Geogebra
	Geogebra demonstration linking the equation of a circle with Pythagoras.
	g10

	Standard form of Equation of Circles
	Geogebra
	Use of sliders to manipulate facial image made from 4 circles.
	g10

	Circle
	Geogebra
	Demonstration of equation of a circle followed by a quiz page where learners identify the centre and radius when given the equation.
	g10

	Equation of A Circle
	Exam Solutions
	This video resource demonstrates how to find the equation of a circle.
	g10

	Finding the Center-Radius Form of a Circle by Completing the Square – Example 1
	Patrick
	This excellent video resource demonstrates how to complete the square to find the centre and radius of a circle.
	g10

	Circle Equations
	Maths is fun
	This excellent interactive resource demonstrates how to use the equation of a circle. A quiz, of twelve questions, is available for the learners to complete.
	g10

	Circles and Completing the Square
	University of Hawaiʻi at Mānoa
	This concise resource demonstrates how to complete the square to find the centre and radius of a circle. It includes four questions with detailed solutions.
	g11

	Everything about Circle Theorems
	TeenTopicsEducation
	This excellent video resource reviews the circle theorems covered in GCSE.
	g11

	Equation of a Tangent to a Circle
	Corbett Maths
	This excellent video resource demonstrates how to calculate the equation of a tangent to a circle.
	g11

	Perpendicular Bisector of a Chord
	KeysToMaths1
	This short video resource recaps GCSE proof that the perpendicular from the centre of a circle to a chord bisects the chord.
	g11

	Equation of a Tangent to a Circle
	Siyavula
	This excellent resource demonstrates how to find the equation of a tangent to a circle. There are seven problems for the learners to attempt and detailed solutions can be revealed.
	g11

	The equation of a tangent to a circle
	Geogebra
	Geogebra demonstration using slider to vary the radius r of the circle and drag point P on the circumference.
	g11

	Maths In The Workplace  
	Maths Careers
	This excellent short video resource demonstrates how tangents of a circle are used in the real world.
	g11

	Tangents To Circles - Applications
	TenMarks Amazon
	This video resource demonstrates how tangents to circles are used in the real world.
	g11

	The Geometry of A Circle
	Maths Centre
	This excellent resource introduces the equation of a circle and the equation of a tangent. It includes worked examples and exercises for learners to complete (along with answers).
	g11

	Parametric equations
	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.
	g12, g13, g14, g15 and g16

	Parametric preliminaries
	Underground Maths
	This resource introduces the idea of a parameter by looking at the locus of a point as its position changes according to some geometric constraints. Students are asked to visualise the path the point will trace out, and parametric equations are introduced by asking students to express the coordinates of the point in terms of a parameter (in this case an angle at the origin). Students are then given three more pairs of parametric equations and invited to sketch the curves they define.
	g12

	Graphing Parametric Equations on the TI84
	Mathispower4u
	Demonstration of the use of the TI84 graphical calculator to draw curves parametrically.
	g12

	Parametrics for beginners
	CasioPrizm
	Demonstration of the use of the Casio graphical calculator to draw curves parametrically.
	g12

	A Quick Intuition for Parametric Equations
	Better Explained
	This text and video resource is an introduction to parametric equations. 
	g12 and g13

	Parametric Equations
	She loves Math
	This concise resource ranges from an introduction to parametric equations to applications of parametric equations.
	g12 and g13

	Introduction to Parametric Equations
	Mathispower4u
	This excellent video resource defines parametric equations and demonstrates how to graph them. 
	g12 and g13

	Parametric Equations
	S-cool
	This concise resource demonstrates how to plot the graph of a parametric equation and find the Cartesian equation from a Parametric equation.
	g13

	Graphing Parametric Equations
	Mathbyfives
	This lively video resource demonstrates how to graph parametric equations.
	g13

	Parametric Equations
	JCCC MATH/PHYS 191
	This excellent resource defines a parametric equation and demonstrates how to convert between Cartesian and Parametric.
	g13

	Converting from Parametric to Cartesian Form (How to) - Algebra Tips
	StraighterLine
	This short video demonstrates how to convert from Parametric to Cartesian form.
	g13

	Parametric Equations
	KutaSoftware
	This challenging resource offers learners the opportunity to practice sketching simple parametric curves. Answers are included.
	g13

	Parametric Equations and curves
	Pauls online Maths notes
	This resource allows learners to practice using parametric equations and the algebra involved.
	g13

	Parametric Equations
	Slide share
	This challenging resource consists of eleven slides on Parametric Equations. It includes five examples with detailed solutions. There are exercises on the last slide for the learners to complete.
	g13 and g14

	Parametric Equations Introduction Curve Sketching Converting To Cartesian Maths
	ukmathsteacher
	This challenging video resource looks at curve sketching of Parametric Equations.
	g13 and g14

	
Parametric Equations  
	Geogebra
	Introduction demonstration of gradient of curve defined parametrically using Geogebra.
	g15

	Parametric Equations
	Khan Academy
	This resource consists of four video clips on parametric equations. The first video is an introduction to parametric equations and there are two video clips on removing the parameter. The final video clip demonstrates parametric equations with the same graph.
	g16

	Applications of Parametric Equations
	Lumen
	This concise resource demonstrates how parametric equations are used to solve real world problems such as a projectile motion problem. 
	g16

	A Real Life Application to parametric Equation
	TES
	This excellent resource includes a Powerpoint presentation and a worksheet on a real life application of parametric equations. The resource is free but a login is required.
	g16

	Parametric paths
	Underground Maths
	Learners are given a set of curves and a table of parametric equations. Learners have to match each curve with its parametric equations and sketch the two missing curves. Many of the curves can be placed in the table by noticing how key features eliminate other possibilities, but learners should also be encouraged to convince themselves about why each pair of equations describes that particular curve. The layout of the table allows learners to explore what happens when one of the parametric equations changes while the other is fixed. This may help to reinforce understanding of the role the parameter plays in determining the shape of the curve.
	g16
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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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