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	Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: EXPONENTIALS AND LOGARITHMS (1)

	Exponentials and Logarithms
	ME1
	
Know and use the function  and its graph.
	
For . 
	
	

	
	E2
	Be able to convert from an index to a logarithmic form and vice versa.
	


 for  and .
	
	

	
	E3
	Understand a logarithm as the inverse of the appropriate exponential function and be able to sketch the graphs of exponential and logarithmic functions.
	


 for  and  .  Includes finding and interpreting asymptotes.
	
	

	
	E4
	Understand the laws of logarithms and be able to apply them, including to taking logarithms of both sides of an equation.



	



Including, for example  and 
	
	Change of base of logarithms.

	
	E5
	

Know and use the values of  and .
	

, 
	
	

	
	E6
	
Be able to solve an equation of the form .
	Includes solving related inequalities.
	
	

	
	E7
	

[bookmark: MTBlankEqn]Know how to reduce the equations  and  to linear form and, using experimental data, to use a graph to estimate values of the parameters. 
	By taking logarithms of both sides and comparing with the equation

.
Learners may be given graphs and asked to select an appropriate model.
	

	




	Specification
	Ref.
	Learning outcomes
	Notes
	Notation
	Exclusions

	PURE MATHEMATICS: EXPONENTIALS AND LOGARITHMS (1)

	Exponentials and natural logarithms
	ME8
	
Know and be able to use the function  and its graph.
	
	
	

	
	E9
	

Know that the gradient of  is  and hence understand why the exponential model is suitable in many applications.
	
	
	

	
	E10
	


Know and be able to use the function  and its graph. Know the relationship between  and .
	

 is the inverse function of .
	

	

	Exponential growth and decay
	E11
	Be able to solve problems involving exponential growth and decay; be able to consider limitations and refinements of exponential growth and decay models.
	Understand and use exponential growth and decay: use in modelling (examples may include the use of e in continuous compound interest, radioactive decay, drug concentration decay, exponential growth as a model for population growth); consideration of limitations and refinements of exponential models. Finding long term values.
	
	

	Graphs with gradient proportional to one of the coordinates

	

 results in a quadratic graph.										 results in an exponential graph.
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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
The initial approach to this should be a recap of the work on indices. This forms the foundation of understanding of the work on logarithms.


The work on the introduction of the exponential function should be done graphically so that it is clear how this function works. This graphical process can also be used to show the inverse function through its reflection in the line . This helps justify the impossibility of a negative value within the logarithm.

With the work on indices reviewed, proving and demonstrating the laws of logarithms becomes a more natural process.

There are a multitude of examples of modelling with exponential functions within many other subject areas, including physics, chemistry, biology, economics, geography, psychology. This is not an area that will ever run dry and provides a depth of applications to stimulate interest.

Common misconceptions or difficulties learners may have




The failure to link this work to indices often means that there is a failure to see the whole number values so that  or just become calculated values. This then helps to justify the values of , why logarithms of numbers smaller than  are negative and why it is not possible to find the logarithm of a negative number.

Familiarity with the exponential graph helps to avoid students believing that  can be have a negative value.

If reduction to linear form is not clearly related to the equation of a straight line then the connection is not properly made and this becomes an incomprehensible process. 

The last section is not very different to growth and decay taught at GCSE and if this link is again made then it is not a difficult topic; it is not one that should ever stand alone as an add-on to the main course but as a culmination of all the previous skills.





Conceptual links to other areas of the specification
Indices – the work on indices lays the foundation to the work on logarithms and if this first topic is not clearly understood then understanding of logarithms will not hold together particularly well.

Straight lines – this forms the foundation of reduction to linear form wherein is made the use of logarithms to reduce functions to straight line form.


Gradients – the whole understanding of the nature of rate of change and gradient is essential to being able to apply this to the curve of .

Calculus – Subsequent work on calculus will make use of natural logarithms so this section forms an important foundation for future study.
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Thinking Contextually

There are a considerable number of examples of applications using the exponential function at various levels. These range from financial implications like compound interest to calculating mortgage payments, through to the scientific applications like radioactive decay curves, the spread of disease and drug concentration decay, alongside Newton's cooling curve, through to geography and population growth or decline.

At a slightly higher level this can also include applications to music with sound decay curves or again to geography with methods to protect buildings from earthquakes by reducing the effect of the shock waves and also to engineering with a similar effect used in shock absorbers and car suspensions.


Resources

	Title
	Organisation
	Description
	Ref

	Exponentials and logarithms (AS)
	MEI
	A starting point to consider the content, links to example resources, ideas for the effective use of technology, links across the curriculum, and common errors.
	E1-E11

	Exponential Function y=a^x
	Geogebra
	


Use slider to compare graph with  ,  and  .
	E1

	When does this exponential function equal this linear one?
	Underground Mathematics
	Introductory question on plotting exponential function.
	E1

	Reach for the stars
	Underground Mathematics
	Introductory puzzle to encourage learners to think about scales.
	E1

	Exponential Functions graphs
	Geogebra
	An applet that allows the variables to be changed to see how the shape of the exponential graph will alter for different values.
	E1

	Graphs of exponential and logarithmic functions
	Interactive Mathematics
	Graphs of the exponential and logarithmic functions.
	E1 and E8

	Definitions of logarithmic and exponential functions
	Interactive Mathematics
	Basic definitions of both exponential and logarithmic functions.
	E2

	The Mathematics of chemistry: pH
	MEI
	Use of logarithmic scales for pH in chemistry.
	E2

	Logarithmic functions graphs
	Geogebra
	An applet that allows the variables to be changed to see how the shape of the logarithmic graph will alter for different values.
	E3

	Logarithmic Action!
	Geogebra
	

Investigate transformational link between  and  .
	E3

	Laws of Logarithms
	Math Centre
	A pdf worksheet that covers the basic laws of logs and with a worksheet to follow that includes the answers. 
	E4

	Laws of Logarithms
	Interactive Mathematics
	All the basic laws.
	E4

	Logarithms base 10
	Interactive Mathematics
	Specific notes on logarithms to the base 10.
	E4

	Logarithms base e
	Interactive Mathematics
	Specific Notes on natural logarithms.
	E4

	Introduction to Logarithms
	Math is fun
	A set of basic notes on this topic with 10 multiple choice questions at the end.
	E4

	Logarithms
	The Math Page
	A guide to the basic laws of logarithms.
	E4

	Risp 31: Building Log Equations
	Risps
	Use the cards to build equations involving logs – and check which of them are true?
	E4 and E5

	Exponential and Logarithmic Equations
	Interactive Mathematics
	Use of logarithms to solve equations involving exponentials.
	E6

	To log or not to log?
	Underground Mathematics
	Encourage learners to consider when it is appropriate to solve equations using logarithms.
	E6

	Solving Logarithmic Equations
	Purple Math
	A nice step by step method spread over three pages that details solving both logarithmic and exponential equations.
	E6

	Applications of Exponential Functions
	Algebra Lab
	A guide to a variety of applications with questions and answers included at the end. 
	E6

	Graphs on logarithmic and semilogarithmic axes.
	Interactive Mathematics
	A nice introduction to the benefits of reduction to linear form.
	E7

	Reduction to linear form
	University of Exeter
	Four worked examples on reducing data to linear form.
	E7

	Expressions reducible to linear form
	University of Limerick
	A simple pdf file that outlines the basic process.
	E7

	Calculating the value of e
	Interactive Mathematics
	A proof exercise rather than a purely graphical approach.
	E8

	When does f'(x)=f(x)
	Geogebra
	Another applet based exercise that focuses on the gradients, particularly in finding the value for which f'(x)=f(x).
	E9

	Graphs e^x and ln x
	Geogebra
	Graph y = e^x and inverse y = ln x
	E10

	Exponential Growth and Decay (illustrated Meaning)
	Geogebra
	Interactive demonstration with linked questions.
	E11

	Dow Jones Index
	Interactive Mathematics
	A simple application of modelling graphically.
	E11

	World population live
	Interactive Mathematics
	A simple modelling activity using world population data.
	E11

	Picture the process
	Underground Mathematics
	Match the description with the graph.
	E11

	Radioactive Decay
	+plus magazine
	This does go beyond the level of this course but the explanations provide a good background to what is going on and put the whole process in context.
	E11

	Exponential outbreaks, the Mathematics of Epidemics.
	The learning network
	Uses modelling to investigate the spread of Ebola in 2014
	E11

	Exponential and Logarithmic Models
	Richland Community College
	This looks at the different types of logarithmic and exponential models and the shapes of their graphs.
	E11

	Applications of Exponential Functions
	cK-12
	A front page with links to separate applications most of which contain videos for use in class. 
	E11

	Interest Rate Word Problems
	SOS Maths
	Application of exponential and logarithm functions in modelling interest rates.
	E11

	Amortization Word Problems
	SOS Maths
	Application of exponential and logarithm functions in modelling monthly repayments of mortgages.
	E11

	Population Word Problems
	SOS Maths
	Application of exponential and logarithm functions in modelling population.
	E11

	Decay Word Problems
	SOS Maths
	Application of exponential and logarithm functions in modelling scientific decay.
	E11

	Earthquake Problems
	SOS Maths
	Application of exponential and logarithm functions in modelling eartquakes.
	E11

	Exponents in the Real World
	Passy's World of Mathematics
	Some background reading of the applications of exponential growth and decay.
	E11

	Half-Life Action!!!
	Geogebra
	Quick demonstration of the meaning of “Half-Life”
	E11

	The Mathematics of biology: exponential growth
	MEI
	Resources about exponential growth of bacterial populations
	E11

	The Mathematics of business and finance: compound interest
	MEI
	Exponential growth in the context of compound interest
	E11
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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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