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Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: GRAPHS (1)

	Graphs
	MC1
	Understand and use graphs of functions.
	
	
	

	Sketching curves
	C2
	Understand how to find intersection points of a curve with coordinate axes.
	Including relating this to the solution of an equation.
	
	

	
	C3
	Understand and be able to use the method of completing the square to find the line of symmetry and turning point of the graph of a quadratic function and to sketch a quadratic curve (parabola).
	
The curve   has
· 

a minimum at  for   or 

a maximum at  for a < 0
· 
a line of symmetry .
	
	

	
	C4
	Be able to sketch and interpret the graphs of simple functions including polynomials.
	Including cases of repeated roots for polynomials.
	
	

	
	C5
	Be able to use stationary points when curve sketching.
	Including distinguishing between maximum and minimum turning points.
	
	

	
	C6
	

Be able to sketch and interpret the graphs of  and .
	Including their vertical and horizontal asymptotes and recognising them as graphs of proportional relationships.
	
	

	Transform-ations 
	C7
	Be able to sketch curves of the forms 



 and , given the curve of  and describe the associated transformations.  Be able to form the equation of a graph following a single transformation.
	Including working with sketches of graphs where functions are not defined algebraically.

	Map(s) onto.
Translation, stretch, reflection
	

	
Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: GRAPHS (2)

	Transform-ations
	MC8
	Understand the effect of combined transformations on a graph and be able to form the equation of the new graph and to sketch it.  Be able to recognise the transformations that have been applied to a graph from the graph or its equation.


	
	

Vector notation may be used for a translation.
,  
	

	Sketching curves
	C9
	Be able to use stationary points of inflection when curve sketching.
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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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General approaches:
Prior to working with the subject content of this section of the specification, it is essential that learners have gained a thorough understanding of a number of topics at GCSE level such as the four rules of number including the priority of operations, signed numbers, fractions, algebra including substitution, bracket expansion, simplification of terms and factorisation, products, factors, index notation, graphs and transformations. This also builds upon the Algebra content Ma1-Ma16 and also links with the Functions content Mf1-Mf8.
Learners’ understanding should be deepened by a hands-on approach to this subject as they tend to struggle with the algebra involved. The use of graph drawing technology will allow learners to investigate families of curves without the need for time consuming manual drawing of numerous similar graphs in order to make the link between the algebraic form and the graphical form.
Common misconceptions or difficulties learners may have:
Learners have a limited understanding of the relationship between graphs and functions.
Learners make many errors when sketching curves such as confusing the two axes, thinking that graphs always go through the origin and that graphs always cross both axes. 
Also it is common for learners to focus on some attributes of a situation when sketching graphs and ignore others. For example, noting the existence of turning points but ignoring their relative positions or values. 
Many learners fail to realise that completing the square of a quadratic function reveals the maximum or minimum value of the function it defines.

Many learners struggle to recognise that.
Many learners struggle to recognise the significance of the intersection of the curve with the x-axis with respect to the solution of the equation and with the y-axis for the constant term of the equation.

A common misconception involved in curve sketching is assuming that all quadratics are u shaped.  Another common mistake is to ignore negative signs, e.g. thinking the y intercept of  is at 3 rather than -3. 
Many learners struggle with graph transformations and try to memorise the rules instead of understanding them.
.
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Thinking Contextually

Links to a range of resources that can be used to enhance and support the delivery of the ‘Functions’ topic are provided below.

Video tutorials, presentation slides, worked examples, exercises and interactive diagnostic tests are all used to reinforce the understanding of the different content areas.

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

A strong understanding of the shapes of graphs is essential for any learner hoping to understand calculus later in the maths course.


Resources

	Title
	Organisation
	Description
	Ref

	Roots of a Quadratic Equation: Discriminant
	ExamSolutions
	This excellent video resource demonstrates how to solve quadratic equations using the quadratic formula. It then demonstrates how to use the discriminant to determine the number and nature of the roots of the quadratic equation and then relates the results to a graph.
	 C2

	Solving Equations by Graphing
	Khan Academy
	This challenging resource includes text and videos and covers interpreting equations graphically and solving equations graphically.
	 C2

	Points of Intersection on Graphs AS Maths
	Starfish Maths
	This excellent video resource demonstrates how to find the points of intersection on graphs, including finding where lines, circles and curves cross. 
	 C2

	Quadratic Roots and Using Graphs
	TES
	This resource includes a worksheet and offers learners the opportunity to practice their understanding of interpreting algebraic solution of equations graphically.
	 C2

	Graphs of Polynomial Functions
	Textbook Tactics
	This excellent video resource introduces learners to sketching polynomials.
	 C2 and C5

	Examples on the Nature of Roots of a Quadratic Equation
	ExamSolutions
	This excellent video resource demonstrates how to use the discriminant to determine the number and nature of the roots of the quadratic equation and then relates the results to a graph.
	 C3

	Graphs of Eight Bic Types of Function
	mathonweb
	This simple resource covers the graphs of different types of functions.
	 C4

	Sketching Polynomials
	University of Saskatchewan
	This short resource demonstrates how to sketch polynomials by using two examples.
	 C4

	Sketching Polynomial Graphs
	MrBgottschalk
	This excellent video resource demonstrates how to sketch polynomial functions.
	 C4

	Polynomial Functions and Their Graphs
	University of Texas at Austin
	This comprehensive resource introduces learners to sketching polynomial graphs. It includes examples with detailed solutions.
	 C4

	Sketching Curves Whodunnit?
	OCR
	This enjoyable resource invites learners to use their knowledge of sketching quadratic graphs to solve a crime. It tries to address the misconceptions involved with quadratic graphs.
	 C4

	Can you find... cubic edition

	Underground Maths
	Investigation that encourages learners to use their knowledge of the general shape of cubic graphs and the different ways that the curve can be positions to meet specific coordinate criteria.
	 C4

	How not to solve a cubic...
	Underground Maths
	
Investigation to find a cubic and a quadratic that intersect at  
	 C4

	Functions - Graphs
	Geogebra
	Investigate the shape of different polynomial functions
	C4

	Stationary points
	Geogebra
	


Learners can investigate the position of stationary points for family of curves. Links to calculated values of   and  to introduce application of calculus. 
	C5

	Sketching a Graph
	University of East Anglia
	This resource explains the difference between plotting and sketching a curve. It also looks at sketching curves defined by simple equations including polynomials.
	 C6

	Graphs of Reciprocal Functions
	OnlineMath Learning.com
	This excellent resource demonstrates how to graph reciprocal functions and also how to get the equation of a reciprocal function when given its graph. It also includes a video resource demonstrating how to graph transformations of reciprocal functions.
	 C6

	
Sketching Reciprocal Graphs of the form 
	ExamSolutions
	This excellent video resource demonstrates how to sketch reciprocal graphs.
	 C6

	Translating or not?
	Underground Maths
	

Investigation looking at family of curves for  and  
	C6

	Reciprocal function

	Geogebra
	
Use of sliders to investigate family of curves  including the vertical and horizontal asymptotes.
	C6

	Asymptotes –What are they?
	ExamSolutions
	This excellent video resource introduces learners to asymptotes.
	 C6 and C7

	Graphs and Transformations
	In SlideShare
	This excellent resource includes five slides and introduces learners to graph transformations.
	 C7

	Graph Transformations
	University of Utah
	This comprehensive resource demonstrates the effects of simple transformations on graphs. It includes questions for learners to attempt.
	 C7

	Transformation of Functions
	mathtutodvd
	This excellent short video resource demonstrates the effects of simple transformations on graphs.
	 C7

	Transformations of Functions 1
	MrAlnoldsMaths
	This excellent video resource demonstrates the effects of simple transformations on graphs. It includes examples and solutions.
	 C7

	Graph Transformation
	brilliant.org
	This excellent resource demonstrates the different type of graph transformations and includes combination of transformations. It gives examples with detailed solutions.
	 C7 and  C8


	Transformations
	S-cool
	This excellent resource demonstrates the effects of simple transformations on graphs.
	 C8

	Combining Transformations
	University of Utah
	This challenging resource demonstrates the effect of a combination of transformations on graphs of functions.  It includes examples with detailed solutions.
	 C8

	Transformations – Combination Example 1
	Brian Veitch
	This excellent short video resource demonstrates in a very simple way, the effect of a combination of transformations on a graph.
	 C8

	Transformatoin - Combination Example 2
	Brian Veitch
	This excellent short video resource demonstrates in a very simple way, the effect of a combination of transformations on a graph.
	 C8

	Graph Transformations
	Hegartymaths
	This excellent video resource demonstrates the effects of a combination of transformations on graphs.
	 C8

	Graphical Transformations of Functions
	Modesto Junior College
	This excellent resource demonstrates the effect of a combination of transformations on graphs of functions.  It includes examples with solutions.
	 C8
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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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