

The logarithmic laws
Students use index laws to justify the logarithmic results for  and . They are introduced to the logarithmic laws derived from the related laws of indices, which they then apply to simplify expressions. 
Students will need at least one digital device per pair to interact with Amplify Classroom during this lesson.
Learning intention
To be able to apply the logarithmic laws, properties and results to simplify expressions.
Success criteria
I can recognise why  for all real  and  where .
I can explain why  and  for any base.
I can state the logarithmic laws.
I can simplify expressions involving logarithms using the logarithmic laws, properties and results.


Outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01  
applies exponential and logarithmic laws to simplify expressions, solve equations and prove results MAV-11-07
Content
Logarithmic functions
Recognise and use the logarithmic properties:  for all real ,  where  
Apply the logarithmic laws and results to simplify expressions, solve equations and prove results, using digital tools where necessary
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Student groups write down the index laws they can remember. Review the laws using slide 4 of the PowerPoint The logarithmic laws and then use slide 5 to solve an open middle problem. 
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk
	Recall and apply index laws.

	Connecting learning
	Students compare the graphs of exponential and logarithmic functions using an Amplify Classroom activity (bit.ly/logarithmproperties) and slide 7 to establish results. Use slide 8–11 to establish the properties of logarithms using tables with  and , base 10 and . Use slide 12 to introduce the logarithm laws by comparison with the equivalent index law. Students investigate the reference sheet, to learn what is and is not included. 
	Pose-Pause-Pounce-Bounce
Think-Pair-Share
	Connect logarithmic and exponential functions to understand why  and 
Students understand the properties of logarithms: . 
The logarithm laws are introduced by reference to the equivalent index law.

	Releasing responsibility
	Students complete worked examples using slides 14–17. Students create a foldable using Appendix A and then use Appendix B for a banner task on simplifying expressions.
	Worked examples (Your turn)
Visibly random groups of 3
Vertical non-permanent surfaces
Banner task
	Students practice applying the logarithm laws to simplify expressions. 

	Independent practice
	Students work in pairs to complete challenge problems from Appendix C. Discuss common errors.
	
	Students apply multiple logarithm laws together to solve problems. 
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Activity structure
Please use the associated PowerPoint The logarithmic laws to display images in this lesson. 
Activating prior knowledge
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (VPNS) (bit.ly/VNPSstrategy).
1. Ask groups to write as many index laws as they can remember on their VNPS. 
1. Use a gallery walk (bit.ly/DLSgallerywalk) for students to be reminded of all the index laws. 
1. Display slide 4 of the PowerPoint, which shows the index laws, and ask students to review their list and identify any rules they may still be missing.
1. Display slide 5 and ask students to complete the open middle problem sourced from ‘Laws of exponents’ (openmiddle.com/laws-of-exponents/).
1. Use a gallery walk for students to compare solutions.
Students need to be familiar with index laws to understand the logarithm laws. Suggested solutions can be found on the webpage provided.
Connecting learning
1. Assign the Amplify Classroom activity ‘Logarithm properties’ (bit.ly/logarithmproperties) and instruct students to complete.
Before completing this activity, you will need to set up an Amplify Classroom (bit.ly/createamplifyclassroom). 
1. Display slide 7 and use the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce) to check for understanding of the value of  and . Useful prompts may include:
How can the curve of an exponential graph help us to understand the curve of a logarithmic graph?
Why does the value of find  always equal 1?
Why does the value of  always equal 0?
1. Animate the slide to show the logarithm properties.
1. Display slide 8 and ask students to complete the table.
1. Animate the slide to show the solutions and self-explanation prompts and use the Pose-Pause-Pounce-Bounce questioning strategy to lead a class discussion, using the prompts as a guide.
Students should recognise that exponential and logarithmic functions are inverse operations, meaning that one function reverses the other.
1. Display slide 9 and ask students to complete the table for the expression . Animate the slide to reveal the answers and use the prompts to guide a class discussion.
1. Animate the slide to reveal a second question and table for  and ask students to complete the table, then check that students have the same results.
Animate the slide to reveal the answers and use a class discussion to consider the question prompt asking how they might use the results to generalise for .
Use a Think-Pair-Share (bit.ly/thinkpairsharestrategy) for students to justify the result using index laws.
1. Display slide 10 and ask students to read the information on the slide.
Use the Pose-Pause-Pounce-Bounce questioning strategy to check for understanding of the law.
1. Display slide 11 and ask students to find the properties on the Mathematics Advanced – HSC reference sheet. 
1. Ask students what they notice about the properties and suggest they annotate their copy to help them remember the domain.
On the reference sheet it states  Students will be expected to know the domains of each version. 
1. Display slide 12, which displays an index law and asks students to describe what is happening to the indices.
Animate the slide to reveal an arrow and the associated logarithmic law and ask students what they notice and wonder (bit.ly/noticewonderstrategy).
Students might notice that the logarithm of the product becomes a sum of the logarithms and they may notice the bases remain the same.
Students might wonder how they might use the logarithmic law and if similar laws exist for the other index laws.
1. Animate the slide to reveal 2 more index laws and their associated logarithmic laws and ask students what they notice and wonder.
Use the Pose-Pause-Pounce-Bounce questioning strategy to check for understanding of the connection between the index laws and logarithmic laws.
1. Ask students to try to locate the logarithmic laws on the Mathematics Advanced – HSC reference sheet and once they recognise that the laws aren’t included, suggest they annotate their copy of the reference sheet with the laws.
Ensure students are aware that the logarithmic laws do not appear on the Mathematics Advanced – HSC reference sheet.
Releasing responsibility
1. Use slides 14-17 to model worked examples of applying the logarithm laws using the Worked examples (your turn) method (bit.ly/supportingstrategies).
1. Distribute a copy of Appendix A ‘Index and logarithmic laws’ to each student. The appendix contains instructions for creating a foldable to summarise the index and logarithm laws.
1. Students are to complete the banner task (bit.ly/supportingstrategies) from Appendix B ‘Banner tasks.’ Ask students to keep the values for  and  from the first question in their banner.
Independent practice
1. Distribute a copy of Appendix C ‘Challenge problems’ for students to complete in pairs.
1. Ask students to compare their solutions with an adjacent pair.
1. Facilitate a class discussion comparing solutions to identify and clarify common errors and alternative strategies.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide a scaffold of key index laws for students to complete during the gallery walk.
Connecting learning 
Scaffold the Amplify Classroom activity by providing hints for students to develop their understanding of logarithms. For example, ask students to create a table of values for the exponential and logarithmic functions with base 10 and  and compare the results. 
Releasing responsibility
Ask students to explain the reasoning behind each step in the worked examples.
Independent practice
Pair students strategically so that those needing support have a partner to discuss and scaffold their thinking.
Encourage students who finish early to create their own challenge problems using logarithm laws.

Suggested opportunities for assessment
Activating prior knowledge 
Observe group interactions and the solutions students write at their VNPS to assess their recall and understanding of index laws.
Use the gallery walk feedback to identify common gaps or misconceptions about index laws and address them immediately.
Connecting learning 
Use Pose-Pause-Pounce-Bounce questioning to check students’ conceptual understanding of ,  and the inverse relationship between  and .
Monitor students’ responses during class discussions and completion of the tables to check for accuracy and depth of reasoning.
Check student annotations on the Mathematics Advanced – HSC reference sheet to ensure awareness of the logarithm laws and domain considerations.
Releasing responsibility
Provide immediate feedback as students work through the foldable summarising index and logarithm laws.
Circulate to observe student understanding during the banner task and clarify misunderstandings as needed.
Independent practice
Review completed challenge problems to assess application of logarithm laws and problem-solving skills.

[bookmark: _Appendix_A]
Appendix A 
Index and logarithmic laws
Cut out the table below, then cut along the dashed lines and fold the doors along the solid lines to create a foldable for summarising the laws, properties and results. Transfer the information from the inside of door one by writing it on the outside of door 2.
	
	Indices
	Logarithms
	

	Equation
	
	
	

	Product law
	
	
	

	Quotient law
	
	
	

	Power law
	
	
	

	Result of a reciprocal
	
	
	

	Power of zero
	
	
	

	Power of 1
	
	
	





Appendix B 
[bookmark: _Banner_tasks]Banner tasks
Note: students will need the values of  and  throughout the task and should leave them in their banner. 
If  and , 
evaluate 
evaluate 
evaluate 
evaluate 
evaluate 
evaluate 
evaluate 
simplify 
simplify 
simplify 
simplify 
simplify 
simplify 
simplify 
expand and simplify 
simplify 
simplify .
[bookmark: _Appendix_C]Appendix C 
Challenge problems
1. Show that:
1. 
1. 
1. .
1. Find a relationship between  and  that does not involve logarithms.
1. 
1. 
1. .


Sample solutions
Appendix B – Banner tasks
If  and , evaluate .

If  and , evaluate .

If  and , evaluate .

If  and , evaluate .

If  and , evaluate .

If  and , evaluate .

If  and , evaluate .

Simplify .

Simplify .

Simplify .

Simplify .

Simplify 

Simplify .

Simplify .

Expand and simplify .

Simplify .

Simplify .


Appendix C – Challenge problems
1. 
1. Show that .

(Use )

1. Show that .
(Use product rule, )
(Use )

1. Show that 
(Use )
(Use product rule, )



2. 
1. 
(Use )
(Use product rule, )
(Use the definition of a logarithm, if ) 

1. 
(Use quotient rule, )
(Use the definition of a logarithm, if ) 

1. 
(Use logarithm properties, .)
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